wo 01/12759 


^TrtJSOO/22190 



0/045*52 


10 


15 


20 


25 


rtei.ve„.ionr.ta«u,cc.vevoHuWcan.3n..uWc3n.co,nposUi».s.» 
M of-e. for ex^pl. » ^^^^^ „ „„^ers »d 

the thennoplastoc matenai. i nc a , ^ :f th*. ctressed 

thermoplastic IS contacted ^..^^,„ti^„3,e intended to passivate, 

stress cracking promoters. 

p.^b prnnnd of invention 
:„ ^^cci,. coo^- fining or pac.agi„S op.ra«o,» 

"Uusconvevorl^ricanUbasedonftt^-i- 
„*erfoodor.U,uidoc»ponen.s»rormso.,ddepos,U. 
„„aconve,orc»ch»g.*e."brioi.yof*e«randr«,u.= sh 
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Lnnop.as.ic beverage con^ made of po.ye«>ylene «rcpha«ia« (PET) and 
!rU,a.dca„ca.es«ssc«c..„S(c«.ingande,ac«.ga».ooo«s^^^^ 

„,1 «,«co«. .ypicaUy require use of large a^ounu of wa^ on *e 
^ ve^ .ine. «hich n.us. *en be dUposed of or recycled, and wb.cb cau^ an 
™ .„vironn.e„.n.ar*eco„ve,or«ne. M„reov„. sonre a,ue„«s .«br.can« 

ran nromote the growth of microbes. 

;ern,opL»a«ria,shavebe«.«sedforn«nyyearsformeforn,a..on^ 

U.ennop.as«cn,a.eriaUln*.fonnoffibn,she«.U.e.n.of.,n,edandb,own,o.ded 
- conuiner materials. Such materials include polyeftylene. polypropylene, 

:^::ylcbloride.po.ycarbo„ate.polys.yrene,nylo„,ae,yli.po.yes..p^^^ 

LZi-^Polyetbylenenaph^alateorco-poly^ersoftHese^^^^ 

blends toeofandotherthemtoplasttcmaterials. such matenalshavebeen 

developed 6rinexpensivepaclcagingpurposes.Them.oplasticn,a.ena.s are 

„anu&ct„r«landfonn«la.«isuch.ha.th.yeanbeusedin.hermofom.mg 
rrrSuchthe™,alproc.ssingUused.ofonnfihn.shee..shapesordec„ra..ve 

:::Lca.s..uc.uresco™prisi„g.he.hern,oplastie„ra..rial..s.^^^ 

0.0 thennoplastic is heated to above the glass transition tempera^ W J ^e 
.heo.e,.ingpoin.Wa«d shaped intoadesirableprofilebyashaptngdreAft^the 

lpeJJeved..hen«te„aliscooledtoreta.„theshape.T.ecoohng„fsuch 
™«rials after shapingcanoftenloclc-in stresses ftom the thermal proeesstng^^^^^^ 
.rimngsuchacontainer^thcarbonat^lbeveragecanpla. large anaountsofstr^ 
"theUstr^ctur. Most themroplastie n^teria. «hen str^ r^. — V 

..estr^sandoftenreuevethestressthr^ugheraclring. ^'^^'^^^^^ 
.aflawinthethem.oplasric,ndcreeps*ro,.ghthe.h.nnoplast,eunnl.hestrcss« 

relieved to some degree. . 

such stress cracWng can be prontoted by stress cracWng promoter matenals. 
Thermoplastios that are highly suscepd"" » stress c^clcing include polyethyle« 
«^h.l.e.polys.,rene.polycarbona.eandotherthennoplas..csweU,cn„^ 
Jed.na.eri.sseien.ist. The n.eehanis. of s».ss era* promotion. .— »d 
p^pagarionhasbe^tdiscussed and tavesrigatedbutnot clearly dehneated. Stress 
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5 scones ».h.d. . oonsid».tio„ of *c « deccmpos,«on of*. *ennop.as. 

„e*«,ed areas in d.c temoplastic ««U.tag in assoc.a,ed c«clang. I^tly, * 
:l:p.as«en„»riaUa,ebeUcved»a.so*n.o.hya™pKoMcn,«en.^^ 

1„L— c an.by,=duci.g*e««ng*of,.>e*ennop.as,.,oa„ 

,0 p„n.o.e*.growfl.andpropagationofs«sscra.kmg. 

Rcgaidless of toe «.eo,y of or^aon ».<■ propagadon of s^ss cracl^. 

f,.n,«« are well aware of stress craddng and have sought to 
thermoplasncsmanufacMrers are well a» 

deve.„p«Usac«a.eriafethatar.»oreresis.an.«,stresscraobng Stre^ 
r^gca„Jred»:edbys*na.inS.hehu,..he™op.as.ioa,terfcnna.,™^^ 
,5 n^ole. P„r.her.then«nufac.««ofcoi,tainersin.wo..hree,fouroro.her 
!!ryL.an,ina..stn.cniresisa,so^iiev.dt„behe.p«.linreducings.ress 
:Irrever,wehavefonnd.h.teven.he^.ovedpo.yn.ern,ate„a.c.he 

r^^Lto stress erac^ng Further, certain con»non.y used conta^er stru^s^ 
LXpolystyrene— ,po.yca*ona.en«.eria..po,yeth^^^ 
.„ lia.La\o.ee,..o,e.ysensi«ve.os.resser»^gP— 

when pressurized or used a. high altitudes and can dunng manufact^ 

■ VL^^iuireadegreeofstresscraddngthatishighlyundesirable. 

^'"^Xrrl-S..--e,pens.es«sscrac^g — 

*e manu^ of polyethyleae terephthaUte (PE^ beverage — ch^ 
,5 beve,agecon.ai„ersarecon„non,yn»^inthefonnofa20oz.one,^voorthr^ 

hlcoLnerforc.*ona.edb.verages.Al.e.native,y.apeta.oiddesign^^^^^ 

::edin.od,epolyester.oestabUshas.,b.ebaseporti^for.hebo^.-^^ 
fonnats^epolyesterbeveragecontainercanhavesisnifica^s^.^™^ 

^ portion of the bonle. T.e stresses in the pentaioid ~ - » 

b.U.erbecauseof.hela«eran»rphous,egio«and„,orecomplexprofileof.he 
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P„,y«urbev.ngecon«i««sar.n«d.ina«o«.pp««-. Me 

^.e^oplasH. is fotmea in,o a p«fonn. S»oh p«fon» arc — ^ 

r,*esh.p.«^isHowmoWedto.oafu,albo„.eco,rf6nna»«. In 
tube wcesnapcu „f„rmi«5 inserted into a blow molding 

eonuincrs a« shipped » a filling loc.«on. The co.«,.ers are filW - 
.everageinafiUingappara^sftatinvolvesamovingeonveyorsur^O^. 
LpL*econUin=rduringffl«ns.Thec»ve,or»«c.ureoon^sesaffllu,g 

ZIacppings.«onanaendsa.apac^s.a«o. WhUe on U« conv^r. U.e 
I=,sleLea«>anenviroon>em««.e<»«ai-«idua.cl.^ 
. — crganieana^orgaracs^erael^h.^^^"^^ 

1 appear as fine craeldng f"- "^^^ 

Zr^eappearanceofanys^sscraekingisuodesirable. Should beverage 

ri:s:sera*.«»pressnreo..eca..na.edl»verage.^o«^^ 

beverage container .0 explode and spiU 4e beverage co.«n« u, *e proce^ng 
Z Lspor..onnni.,«areho„seorre.ailou«e.. SnchspiUage poses heaM^ 
p^e»,li..ionprob.en.,„^n.««nceproblen»andishighly«ndes^.e.o 

manufacturers and retail merchants. 

W«al.ys»choonveyorsys.en.were.ubHca.edusingailu«a^eo^ 

, Tv„iealeanyconveyorlubrican<s comprise substantrallysotable 

^.h lubrica.. and a. leas. «. s^ne degree, clean *e conveyor surfaces. 
Reoresentative ex«nples of such lubricant are found m S,an,on e. al.. U.S. Paten, 
r"33ndsLon.U.S.Pa.en.No.4,a04.20. When conven«o.». a,u»us 
i;ir;ubrican.con,posi«ons«ereapp.ied«conveyorsforpo,y^erbeverage 

r„..„rf in he sienificant stress crack promonng 
containers, the lubncants were found to be signinc toovm 

materials. Noclearunderstandingof .he nature of stress crackpromohon^kno^.. 
irer.th.lub.ica„tco„positionscontainingbasic.a.eHals(caushca.^-- 
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Asenesofallegedlystres ^ S Patent Nos. 4.929.375 and 

5,073.280; and Wieto .=. aL. U.S. P«entNo. 
.„.„sub«i«.eaa»n»«coon.po„nds.««a.n~^^"^^^^ 
^U.an.U,eco»poundscani:^i.s»ess — ™^ ^ 

5.723,418; B«»«al.. us. Pa«N ' ^^,58,; Schmit. C al.. 

NO. 5.559,087 ^ 5,352,376; Uu e. a. U.^Pa.^ ^„.i,i„,„4;..ach 
U.S. Pa.cn.N0. 5.182.035-, G«.z.>ann e. - -"^ „,i^«.«ss 
co„v.,orl«brican«*a.P«.videade,ua«lubn«»».« 

cracking. rrackins resistant 

Lcangin*ap«.^ennopla.«cma.eriaU,nany«vm.nn>cn 
^vi»nn«n«i^-,.«sc»cUprom«|^ ^^^^^ 

,eapp.pHa« — ofo^^-^^^^^ 

to,heoo™.«c«ld,«nbu«onofm yp ^^^^ 

-^-"-"^crrriTirca...--- 


20 


25 


30 


1 n f r " ^'-'^■"5 e o -31 s 


10 


15 


PCT/USOO/22190 
WO 01/12759 

,adido.u.««irn«nypo«ibl.»>n««»Kico»m«ao,.s.n«ycon^ri.em^^ 

differen. types of m«eria.s. such .n^aU. glasses. c««nics. papers. «ea«d papers. 
Waxed papers. composUes..ay«eds«ucn«s. and polymeric n»«naU 

Jbricaung solutio,. are often nsed on conveying sys«n» dunng .he fiUmg 
„rco«ainerswia.forcxa,nple.beverages. There area. umb« of differs, 
^^uirementstoraredesirahle torsuch lubricants. For example, Urelubnc^^^^^ 

2„M provide an acceptable level of lubricity for the system. B is also dcs«b e 
^atthelubricanthaveaviscosity Which auows it «,be applied by convennona. 

pumping and/or appUcation apparan^ such as by spraying, roll coating, wet bed 

coatins and die Uke, commonly used in the industry. 

I„.hebeveragei.dust,y..hel«bric,mmustb.compa..^lewi.h.hebeverag^ 

..K^itdoesnotformsoliddepositswhenitaccidentaUyc^ttaetsspinedbev^ages 

o^theconveyorsystem. This is imporiant since the formarionofdepostts on the 
lveyors,sLmaychange«.e,ubricityofthes,stemandcouldr.,u.reshutdown 

of the equipment to facilitate cleaning. 

The lubricantmustbesuehthatitcanbe cleaned easily. The container 

^„ the conveyor system may need to be cleaned. Since water is often m the 
c,eaningsolution,ideahyfl.elubricanthassomew«er-solublepropert,.s. 

currently, containers, including polyethylene terephthalate (PET) bottles, and 
eonveying systems for containers are oftencontactedwithavolumeofadttate 

«,„eous lubricant to provide lubricity to the container so that « can mo,, easily 
leldo^theconveyor system. Manycurrently used a^ueous-basedlubncants- 

di^vamageousbecausetheyareincompatiblewithmanybevetagecon^^such 
as PET and odierpolyalMcne terephthalate containers, and may promote stress 

crackine of the PET bottles. 

Fut^ermore. a,ueous based lubricants are in g««al often disadvanugeous 
because of the large amoums of water used, the need to use a wet worlc environm^. 
die mcreasedmicrobial growth as^oiated with snchwater-based systems, and their 
Mgheoefficientofftiction. Moreover. mo^aqueousWlubrieants are 

incompatible with beverages. 

Flooding a conveyor surface with a substantial proportion of aqueous 
lubricant typicaUy occurs on foodcontainer filling orbeverage bottling hues. 
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WO 01/12759 . W . K v^nt is not retained entirely by the 

5 o«.ermccha„isn«ofm.p.»."»*«-*- as one inch (about 2.5 

.^oanuanronnoo^esur^ofmec^^^ 

^o,n,o«,U.c.of.u.ri-«f--7^^„^^„.. Wehavefoun. 
,«.con*«suc.a.po>ye*yl»e.«^W^ 

^«».n.=*o.of.bHc3.in.-.--^ 
„.«i^»*ce.F»r««.subs»t.alp P ^^^^^ 

b„nlmgope«ti<«»««««'«""7 . .^^B^g or bottling operatioos. 
^..^UUleornolubHcan. n»S^^^ 

-•^''"'°^'T:^orconllubaoa.>ng— .con.a. 
„ia.as»bsantialpTopot«onot.h=su ,^bottl=fton.a 

often««e.c*aaa».»bHoan. — -nuo^* ^ 

appea.^pr.-.-oven.cnX'^'-^^:: Weba«fo«nd«». 
lvU,gs..«sa..d.caaing.o«»--»» - ^ 
a.ed=g,ceofs««so«c«ngUa«nb»ubJ.a.^^^P^^ 

^„nhebomecon.ac.edbye.e.ubnc»^ J 
a^Unu.ingm.amoun.ofsuriac.ar»ot 

.ubricantcansnbstantiaUy improve ^ 
^ult in the minimum amount of lubncan 
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lubrican. A n«. -peo. include, foxing a liquid lubrican. for a « ene 
t2.«b.v«sc«.„.ai.«. Tl.e.uWoa..co™prtses,inali,uia.«..un.a 

A Lhl aspeo. of i«ven«oa invoW« » conveyor w,* a l„u,d 

di!^rJfaU,u.dhyaroca*o.oi.wHfle^u..aneous.yc^^ 
trrlnd lcan.con,osi«on Us.,. an aspe. of inven^on con^ a 
:laofop«a.io„aco„veyorbvfonni„.a,u,^ea„.Staon«..c„nveyor.*^ 

lco.pHsi.sa..,uid»«.iun>anda,i,uid.^o«co^. - 

,„Mcan. fita. can be made 60. a single con-posidon eon^ns^ aU needed 
e„.ponen.orfion,a«,o(orn,ore)pac,cagel„.Hcan.in..»**e..^^^^ 

• 1 • c««o«,telv oackaged as a stress cracking inhibitor. In 
,,d™oarbonoi.n».«.a..ssepara.ely^J^ 

such a system the lubricant componenB can be packaged sep 

Mn>carbo„ oil package. ^ 

We have surprisingly found that a nquia ny 
aisopassivateashapedthennoplastictostresscracldn^Wefoundanumbero^^^ 

LbsL«allyhyd»phobicn..erialssuchasoi,s.so,id,ubrican.mat«,aK=a^^^^ 

materials, and other materiaU that are no, typically dispersed » 
,^.3olu.ions,hatcanad«.uatelypassivatebeveragecon.ame..~ 
. lveyor.i„esopera.i.ga.highspeedsandcanoperatesuccessfullyw,.hou. 

' .^^Winthecontainer. Prefened materials that can 

promoting significant stress craciangm ,,_„„iis 
L used in such an environment include oils including hydrccari»„ oiU, fatty o.K 

roneoils.andotheroilyorhyd««aAonhibricamsfiom.vari«yofsoui^.^ 
;!:l.yusefi..formof.he,uhricantis.heformofasiUconemateria.tha.c^be 

'IlncoLnonlubricantcomposiHons. Puriher. one particulariy advanugeous 
Ho^^chlubncantsisinthefonuofanaqueoussuspensionofthel^^a. 
is inafonnulauonthatcanreadily change phase tomasusp^K^edord.^ 

.uhrican. mat^ia. in the «.ueous phase to a separate lubricating phase o^e 
l^^mtmaterialnotaspersedorsusp^^intheaiueousmedium. TheUquid 
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\ Mcanbeusedinathennoplasticshapedarticlesforthepurposeof 

hydrocarbon oil can be used in a ,™ cracking promoting 

during and aft« -'">^ T^ " J ^ ^ s«ess ^ P— 

,rttt.*eo«.sid.ofab.verag=bo«.du.«.l«8h. 

crack such as manufactunng and packaging ina» 

found in the coniaincri. «>v he sienificant stress 

J u ,m of alkalinity due to evaporation) can be sigmnc^iu 

u M„<; alkali metal and alkaline earth metal salts, etc. 
materials such as M0S2, alkali meta hydiocarbon oil in a 

The thcHnopUstio material can be combined with Uqmd 
^ofnrocessesandstructures. The thermoplastic matenal can be shaped «..h 
vanety of proc^-s an ^^^^ . 

, u,uidhyd«»aAono.lm.heshapmg ^^„„ttt„*e™„plasac 

inci^escontactingthe 

^'^'TrHdhZ.^oilma.erial.ofonnathincoa.ingof.he 
contentscan be liquid, gaseousor solid. A further aspect 
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v,A»iate beverage container just pnor to oever b 
operaaon. l^- »" "^^^"^ a s.r«s cracHng promoter «. 

^ucefte undesirable .mpactoffhc promo 

tabricaaoa of conveyor systems used P ^ 
^^.yimprovedusUrga— usUunfita^.^ 

„os.p«fe,3«,abo„.2x.0^»0.0, gms-m 
„o„.econveyorp.o.d«aae,r^^n- 

_.«.,u«ean.e^.-.-;;^^^^„^^,3S^ 
^,e*so>u.e— ^ ^^^^ 

bever.gebo«l.asposs.ble. sue 
,,^on««.eavo^^^^^^^ 

cmmpromooon. Wetovei :„ .Reform of an aqueous oil emulsion 

,ubrican.eon^^ti-»f*«— 2;L50^%of.he.ubriean.. Tbeform 
, «herein.hea,ueo.pKaseoompnsesab^^ 0»5J ^^^^^^ 

r„™«.ot.beemul.on,sap1«.J- 

f„nninganoillayetontopot.wa«rUyer „„,^ virtually any 

foodcont3ineronaconveyorlme,butsp ^ ^^^^ 
......^nrnc^an^^^^ 

withapentalordbasehavmg ^he contact with the lubricant on the 

.ebottlewhenitisplacedonasu^^^ 
pentaloidbasemustbemmumzed. Wehavet 
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„f ..bric^. on J ^pe of me — r ans,ng 

ftomforoingoP""'""^ Thedesiia 

l^caa. is abom 0.1 to *o«. 0.14 u,bri«ang 

^«ftera.pcc.ofm.»,»«onprov.d»am ^^^^^^^^^ 

,„riaceof*ecc„u.ner. Thepres^ 

U.bn««ed conveyor or oor^, ^^^g ^ of the 

„„«tings»rfaoeofU>e conveyor or onacoj^ ^^^^^^^^^ 

„„..„cr,«herein««"«'-7'"7;Xl.i»..proviaesc„nve^^ 
^,3...«a.cr.,..isc*U.ubr.^^--^^^^^^^^ 

,„brican.co..^siUon.~n^^ ^ 
, 3nd3«a.er..n>sclb.elub„ea«^D-*^J^^^„,^^,„^^ 

container fflUng. conumers are spray ^^^^ ^^^^^ ^ 

fined containers anddiscourageconder^uo ^^^^^,^, 
a,efflUngstation.Ws«a.™«a.erspraycand.lu«m 

t .spec, of .he invenrion provides a nteW for lubricating .he 

Inveyoroon^risingapplyta^ 
^g^ofaconumeralongacon y ^^^^^.^^^^ 

„hose specific gravrn- ts less than «e, ^^^^^,3,^, ^ac of flte 

,„br,ca.,ng,na.eria.,»...-.«^2:ive,or^n-.i".snr,aceofmeco^^^^ 
30 co„veyoror.oatleas.apor«onoffl.^y ,m.»re is a^-.»i 
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- J.i„uo.otd.co.«„uousfi....opU..hya»phmoh*no«,«gn».»^^ 
p„viding.wa.er-repeni„g.ubrica«ng.a,«b,vingKd«c«i>va«r««s.«v.ty 

,avi„ga.ubrioa„.coatingonaco„uincr-con.ac«„gsurJ.ceofU«co„veyororo«a 
eonv.Un-*BSu.^ofU.eco«.ain«,»h..inU.ecoa.„g« 
taycs of .l«pM.ic lubricating .atrial a«i a by*opb,Uc ,ubnca«ng 
i:^.. — -soprovides.ubric,.i«gc<»npositio.srorus.o.c„n.^^^^ 
10 riveyo.,co.prisinsanu».ab....x««.fano,»>p«Uc,ubn^^^ 

: abvalpbiUc.ubrioa««so.aUri.t Wo«.i.w.sa.obi.«of*ep^ 

^i™.„^.«bichov«con.cso„.or»o«of*.disadva„.^«ofcuncpUy 

used aqueous-based lubricants. , . . 

,5 „«asal«,anobj«..f*einvenfl«n.op«>videme*odsonubnca,mg 

conutoers, sueh as beverage conuiners. W ov«come one or more of fl>e 
disadvantages of current methods. 

TbL is also provided a process con^g nK,ving beverage conUn>ers on a 
eonveyor*a.hasbeen.nbnca.edwid.as«bsunUaUynon.a,ueousl»bncan.or 

90 lubricant composition. 

Tbereisa.soprovidedinacconiancewie.e.ei„ve.tion.aconve,orused» 

conuiners. »hich is coa.ed on U,e portions .ha. con.aC con.amer w..h 
- subsuuttiallynon-aqueoas lubricant or lubricant composiuon. 

mLis..soprovidedaco..positionforpreventingorinbib.nng.heg™w.h 

,S of microorgani^ on a container « a conveyor sur^ for a container, contpnstng a 
substantially non-aqueous lubricant and an antimicrobial agent. 

There is also provided a substantially non-aqueous lubricant and a 
sobstanaany non-aqueous lubricant composition, andprocessforcleaningthe 

lubricant or lubricant composition ftom the container and conveyor 
30 Further objects, feab-res, and advantages of the invention w,ll become 

apparent ftom d>e detailed description that follows. 
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T^e compositions «sed in th. mv«,tion can b. m^ci » relatively lo« 

„ and do no. «,ui« in-Hne dilution «iti. — <"^-^ 

- compositionsorti.einvcntionp,ovid=tiun,s»bs.anti.«ynon^«.g.ubnca«ng 

fitas. in contia^ .o dilute aqueous lubricants, Ce lubricants of .be invention 
5 p»vid. drier lubrication of ti» conveyors and conuiners, a cleaner and dner 
conveyor line «.d «oridng area, and Kduc«i lubrican. usage, .hereby reducmg 
was.e, cleanup and disposal problems. 

The presen. invention pn.vid.s in one aspect a contiuner or conveyor for 
containers who» surface is co«ed a. leastinp«.witi.a»hin.substantiallynon. 

10 drippinglayerofawa,er.basedcleaningagent.removablelubr,c».t 

Theinventiona.soprovidesaprocessforlubricatingacon.ai«er.compnsmg 

^.ying to a. leas, a part of ttte surface of the container a thin, substantially non- 
■ drippinglayerof.*ater*as«lcleaningagent-removablelubncant 

The invention also provides a process for lubricating a conveyor system used 
,5 u, ^nspor. containers, comprising applying a thin. subs«ntial.y non-dripping layer 
of a w..er.based electing agent^movable. subs^tially non-a,ueous lubncan. .o 
conveyingsurfa«ofaconveyor.andthenmovi„gcontaine,s,suchas beverage 

containers, on the conveyor. 

The compositions used in the invention can be applied m retovely low 
,0 amounts and with relatively low orno water content, to provide dnn, subs.antia.ly 
non-dripping lubricating films. In contrast to dilute aqueous lubricants. *e 
lubricantsoffteinventionp^videdrierlubricationofthe conveyors and con^mers. 
acleaner conveyor Uneandreduced lubricant usage, ti-erebyreducingwastccleanup 

and disposal problems. 
25 F^erfean^sandadvanugesoftheinventionwillbecomeapparentfrom 

the detailed description that follows. 


Rrief Descrip ^i"" nf T>rawings 
Figurel isabottom view ofatwo liter beverage container havinga five 
30 lobedesignthermoformedinthebottletoformabaseuponwh.chthebottlecan 

stably rest. 
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Figure 2 is a side view of a typical two liter beverage container having a 
regular bottom shape that can be inserted into a polyethylene base cup. 
Figure 3 is a side view of a typical PET preform prior to blow molding mto a 

fmal bottle shape. 

5 Figure 4 is a graphical representation of the data in the case showing 

substantial reduction in stress cracking during lubrication. 

Figure 5 is a graphical representation of the friction data arising from the 
testing done with the Lubricant of Example 25. 

Figure 6 illustrates in partial cross-section a side view of a plastic beverage 
10. container and conveyor partially coated with a lubricant composition of the 
invention. 

' n.tMeA nescrip *^^" nf Preferred Fmbodimente 

The present invention uses a thin, substantially non-dripping layer of a water- 
1 5 based cleaning agent-removable, lubricant to lubricate containers and conveyor 

systems upon which the containers travel. By "substantially non-dripping", we mean 
that the majority of the lubricant remains on the container or conveyor followmg 
application until such time as the lubricant may be deliberately washed away. By 
•Svater-based cleaning agent-removable", we mean that the lubricant is sufficiently 
20 solubleordispersibleinwatersothatitcanberemovedfromthecontaineror 

conveyor using conventional aqueous cleaners, without the need for high pressure or 
mechanical abrasion. The phrase "substantially non-aqueous" means the lubncant 
: component is non-aqueous. includes water only as an impurity, or includes an 

amount of active water that does not render the lubricant substantially non-dnppmg. 
25 I„oneaspect.whenwaterispresentinthelubricant,theamountofwaterpreferably 

is less than about 50o/o. more preferably less than about 40% and most preferably 
about 5 to about 50 % by weight based on the weight of the lubricant. Hie lubncant 
can be used neat, in the absence of any water diluent Further, the lubricant can be 
fonned by a phase change wherein a hydrophobic material dispersed or suspended m 
30 an aqueous solution changes a phase into a continuous lubricant phase contaimng 
Uttle or no water. Lastly, in one aspect of the invention, a water miscible silicone 
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„^.,ca„beus»linwUcha..silic<»eisdispe™iorsuspend=dto.na,^^ 
solution for usefiil lubricating properties. 

- T„.ii,ventionprovi<les.luWcan,«.a.ingth«red«cesthecoeffio>en.of 
ftiotion of coated conveyor parts and containers ^ th«eby facilitates ntovement of 
containers along a conveyor line. The lubricant compositions used in the .nventton 
coptiondly contain water orasuitable diluent. asacompone„.«compo„=««u> 
a,e lubricant composition as sold or added just prior to use. The lubncant 
composition does no, require in-line dUution with signi6cant an,om«s of water, that 
is it can be applied undiluted or with relatively modest dilution, e.g.. at a 
v^lubricantratioofabom 1:1 to5:l. In contrast, conventional dilute aqueous 
lubricants are applied using dilutionratios of about 100:1 to 500:1. lubricant 
compositionspteferablypK-vide a renewable coating ti»t can be reapphed. .f 
desired..ooffie. the effects of coating wear. Theyprefcrablycanbe applied whtle 
ftcconveyorisat res. or while it is moving. e.g., at titeconveyofsnotH^l operating 

sp«i T1„ lubricant coating prefetably is substantially non-drippmg. that ,s. 
preferably U.emaj«ityofti« lubricant remains on ti.e container or conveyor 

following appUcation until, such time as the lubricant may be deliberately washed 
away. 

The lubricant composition resists loss of lubricating propetties m the 

p^ence of water or hydn>philic nuids. but can readily be removed from ti>e 
container or conveyor usingconventionala,ueousclean«s.withou.theneed for 

high pressure, mechanical abrasion or the use of aggressive cle«u.g chemicals. The 
lubricant composition can provide improved compatibiUty with plastic conveyor 
^ and plastic botUes, because the composition does not require incluston of 
cmulsiiiers or other surftctanu that can ptomote stiess cracldng in plastics such as 
PET. 

A vari«y of materials can be employed to prepare flie lubricated contamers 
and conveyors of the im,ention, and «> carry out the p«x:esses of ti» invention. For 
example, the lubricant can contitin various natiual lubricants, petioleum lubncants. 
synthetic oils and greases. Examples of natitral lubricants include vegetable otls. 
ftny oils, animal fats, and others tt«, are obtained fiom seeds, plants, tats, and 
ammal tissue. Examples of petioleum lubricants include mineral oils witi. vanous 
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viscosities, petroleum distillates, and petroleum products. Examples of synthetic 
oils include synthetic hydrocarbons, organic esters. poly(alkylene glycol)s. high 

- molecular weight alcohols, carboxylic acids, phosphate esters, 
perfluoroalkylpolyethers (PFPE), silicates. siUcones such as siUcone surfactants. 

5 chlorotrifluoroethylene. polyphenyl ethers, polyethylene glycols, oxypolyethylene 
glycols, copolymers of ethylene and propylene oxide, and the like. Examples of 
useful solid lubricants include molybdenum disulfide, boron nitride, graphite, silica 
particles, silicone gums and particles, polytetrafluoroethylene (PTFE, Teflon), 
fluoroethylene-propylene copolymers (FEP), perfluoroalkoxy resins (PFA), ethylene- 

10 chloro-trifluoroethylene alternating copolymers (ECTFE), poly (vinylidene fluoride) 

- (PVDF). and the like. The lubricant composition can contain an effective amount of 
" a water-based cleaning agent-removable solid lubricant based on the weight of the 

• • lubricant composition. Hie lubricant composition can also contain a solid lubricant 

as a suspension in a substantially non-aqueous liquid. In such a situation, the 
15 amomit of solid lubricant can be about 0.1 to 50 weight percent, preferably 0.5 to 20 
percent by weight, based on the weight of the composition. Also, the solid lubricant 
can be used without a liquid. In such a situation, the amount of solid lubricant can 
be ftom about 50 to about 100 weight percent, preferably from about 80 to about 98 
perceiit by weight, based on the weight of the composition. 
20 Specific examples of usefiil lubricants include oleic acid, com oil, mineral 

oils available from Vulcan Oil and Chemical Products sold under the "Bacchus- 
trademark; fluorinated oils and fluorinated greases, available under the trademark 
"Krytox" from is DuPont Chemicals. Also usefixl are siloxane fluids available from 
" General Electric silicones, such as SF96-5 and SF 1 147 and synthetic oils and their 
25 mixmre with PTFE available under the trademark "Super Lube" from Synco 

Chemical. Also, hi^ performance PTFE lubricant products from Shamrock, such as 
nanoFLON M020™, FluoroSLIP™ 225 and Neptune™ 5031 and polyalkylene 
glycols from Union Carbide such as UCON™ LB625, and Carbowax™ materials 
are usefril. 

30 A variety of water-miscible siUcone materials can be employed in the 

lubricant compositions, including silicone emulsions (such as emulsions formed 
from methyl(dimethyl), higher alkyl and aryl silicones; functionalized silicones such 


16 


^ n n fl.^ya.a=; l=> ^ O ^ J. "■I-O S 


15 


PCT/USOO/22190 
WO 01/12759 . 

a, chlorosil^; -inc. m«hoxy-. .poxy- a»d vinyl— .ed sUoxanes; and 
sitaols). Sui.abl.sUicone«n«Uionsindu<teE21751ughviscos..y 
i.,yd™emyIsirox». (a 60% siloxanc «n»Uion cooun^ially .v«Ubl. ta^ 

Lan,b«,. Technologies. Inc.). E21456 FG food g«d. in.en.edia.e « 
5 polydi«.eU,yhi.oxane (a 35% siloxa,« onuUion eon»n«cial.y av^Uble from 
LI.>cn.Tech.ologies.,nc.,.HV4901Ugh— weighthydroxy^^ 

dimefhy. Silicone (», anionic 30 - 60% siloxane emulsion commerc^Uy ava,l*^ 
ftomDowComingCo.po,a,ion).SM2135po.ydimett,yhiloxane(anon^«50/. 

siloxan. ««ulsi«n comme^idly available from GE SiUcones) and SM2,67 
,0 polydime^yUiloxane (a oationic 50% siloxane emulsion commerc* ava,.able 
LiGESUicones. o..erwa«r.«.isciblesiHco.ema.erials.inc.«de finely ^vded 

silicone powders such as .he TOSPEARL- series (commercially available from 
To*ibaSiliconeCo.Ud.);andsi,icon.surf^.an«suchasSW.,Oaniomcsn,^^^ 

WAXWS-P nonionic siUcone surfac^n. QUAT<^M eafronrc srUcone 
surfecant and 703 specialty siUcone surf^un. (all commercially 
Umben. Technologies, Inc.). P«t-ed silicone emuhions W-callY contain from 
abou.30wt%«.abou,70wt%w«er. Non-wafer-miscible silicone matenals 
,e s non-wafer-soluble siUcone nuids and non-wafer-dispersible silicone powders) 
can llso be employed inUKlubricantif combined wi*.sui.ableemuU,fier(e.g.. 

nonionicanionicorcationic^nulsifi^s). For appUcations involving pUsnc 
co„taine,s(e.g.,PErbeveragebo„les).ca,esho„ldbe.aken,oavo.d*e^.^^^^^ 

emulsiflers or other surfactant .ha. promote enviromnent- s«ess caclung m piastre 
oontainerswhenevaluated„singd,ePETStressC,ackTes.setoutbeU.w^ 
Polydimethylsiloxane^nuhions arepreterred silicone materials. Prefe^bly*. 

.5 lubricant composirion is substantially fiee of surfectan. aside fiom those that may 
be requked to emulsify the siUcone compound sufficiently to fonn the sd.cone 
emulsion. 

Preferml amounts for the siUcone material, hydrophihc lubncan. and 
optional water or hydrophilic dihrent are about 0.05 to d»«t .2 wt. % ofthe siUcone 
30 materiaUexelusiveofanywateroroth^UydrophiUedauentthatrnaybepre^..^^ 
a.. SiUcone materia, is. for example, a silicone emulsion), about 30 «> about 99.95 
w, % ofthe hydn>phiUc lubricant, and 0 to about 69.95 wt % of water or 
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. M„« o«fe«bly Ae lubricant composirion contams about 0.8 to about wt. 
diluent Most preferably, «ne ^ ./.of the hydrophilic lubricant, 

./,ofthesiUconematerid.about65toabout85«-t. /.oftheby 

a„d about n to about 34.2 % of water or hydiophiUc diluent. 

^esmconelubricantseanbewater-solublebutarepreferablywater- 

dlsperaib,eU..cleanin.n.od. ^ '"^-"'.7 TlTjl 

I.becont.ner,ifa«ired,by.for.«.np.e..reaUn».«>«.«-^^^^^ 
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15 


20 


ftom the container, .f des«o, oy. » 

whether water-soluble or dispersibl. or not. ,s preferably eastly remo 
Itaincr conveyor and/or other surfices in ,he«cini„,wi.hcon»nonornK>d.aed 

r;i.torexan,le..cludin,oneor.noreofsur^.s..«a»^..sonr^ 
l^a.er:conditioninsagen.s.Usefttlwa.er.so.ubleordispersib.elub„^^ 
:;,Ibutarenotlirnit.dto.po,,ntersofoneorn.oreofethylen.„x.^P^^^^ 
Txide „e.hoxypo.ye.byl«»E.yc«..or»<>''y'*V.enealcohol. Preferably .be 
:LiscJ:a.blewi..hel.«aseinte.ded.obc.lW^^^ 

tf»«erisen.ploy«lin*elubricantconvosiUon*p.ef.rably.t.s 

«... 0.hersui.ablehyd.ophiUedau».si«c.udealooh„.ssucb.i^^^^ 
■alcohol Forapplica.io„sinvolvingplasaccontainers.careshouldbetakenU.avo^ 

::lfwa.:orhydropHlicd,luentscontah.in.eonta.ninan.s*^^^^^ 
e„vironmentalstresscracH.ginp.asticcontaine.swhene,alua.edus.s.hePET 

Stress Crack Test set out below. 

Whilen.anysubstantially.on.a<,ueouslubrican.sare.cnownperse*^ 

Have„o.beenpreviously..ownorsuaes.edtobeusedi„.heco„«»^o^b^^ 
eon,ainerind„striesaadescribedinthisappUcation.tocer.auten.b^..^^^ 

p.eferredtha.thelubriean.is.ther.han.W.^^oPo'^""-"^'^-^^^^^^ 
Lrine— gpo,y,ner,oro.herthan(iii)PlTE.Inthes.e»boaunent^.^^^ 

;ror(iii)isd=sir»dtobeused,i.ca.beusedinco„*inaa<»wi*-*« — 
Uesubs.antia.lynon.a,ueouslubrican.usedin.hep,eaen.in,en..o^^^^^^^ 
, .singleeo..ponentorablendofn«,erialsf.n.thesan>e.rdiffere„t.ypeof^asso^ 

ubriL. Anydes^-ioofthelubricantseanbeusedsolonsas^--^ 
lubricity is achieved. The h*ricants can be in the torn, of a flutd, soUd, or nuxh« 
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disoersed in a liquid phase. 

Also am»UU.epp™ce.of.ubric«i«goanbeused. For ex^npl. . firs. 

t:iea».anda«ccndsU,eof.rea«ngwt.ha„o«,er,ubric»...-chasa 

!ru3TubHcan.c.nbe„sc.in*.firs.orseco»i..se.Tbe.ubnc^^ 
rirsu,«a.be»>U.orU,uia. By s..eaioaofapp«.pria.= firs, and second 
::;:esL.ubrieaaonoanbep»vi.c.. ^so. Unorder of ««s«o.«.s.as. an. 

first sug= can be swi.oh«) .0 give desired lubHcatton. 

laddi.ion»*eiubHcan.o*eroon,po.en«oanbeinc,udeaw.**e 

„u.pr„videdesiredproper«es.Fore.a.pie,an«nUerobia.^2^^^ 
eoloran^ foan, inhibi»rs or foam generators, PET s»ess crackmg .nh*,.ors. 

rb:rs.ex«en.epress„reasen.ae.ersen.ais^.s..an,i^^^ 
forcing marcriaU and/or surfte^n. c». be each .n amounts effecnve 

provide desired resute. ™„ „tessure agenB include zinc 

Examples otuseMantiwearagenB and extterK pressure agcoB 

diaiky. dithiopbosphates. uicresyl pho^haie. and a«^ and ary. disumdes and 
ltl.fidesTl^^U-and/orextremepressureagen.sare^mamou^s.0 

^rdesiredre.1.. «s amonn. can be .om 0 to about 20 weigb. pe.en. 
^fe,ablyal»u,l.oab„»t5weigbtpercemfortbeindividualage„.s.basedon.be 

total weieht of the composition. 

JamplesofusefUldeter^ents^^disper^ 

3cid. alkylpbcnols. carboxyiic acids, alleyiphosphonic acids and .heir calcum, 
^JlL^esium salts, polybutenyUuccinicaciddeHva,ives.s.bcone 

^.,fl„olurfactants,andmo.ecu,escon.ainingpoWgroups.nacbed«>an 

surtacraras, u The detersent and/or dispwsants are 

oil-solubilizing aliphatic hydrocarbon chain. The detergen ^ 
^in^tamounttogivedesiredresults. Tins amountcan range fi^O^abou. 

Cef-».lyabou.«.5.o,bou.20pe,centbywei^.forU.eindiv.d„al component, 
based on the total weight of the composition. 
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Uscfulantimic«*ial.g»tsincl»d.disW«»nts."n««P'i«">* 
p^eservaave.. Non.in..in. »an,p.es .f »s.«. 30«n.««. a.en« i»c>^e ph»oU 
LludinghaIo.3ndni«opheno.sa.d«*s«Wedb,sphcnolssuch,s4. 

;;^.,uc^as.pc.x,aceaca.a.«ee,.p..,a.xv.«-i-^^ 

such . .r-mary »»oni„m compound, aldehydes such as s.u»a.dchyde. 

iHc^bia.d^sucha.isacridin.s.-iphenyUn-han^'^'"''^"-""-* 
:rrLl.io--doh.o*.ecou^u„aa. ^ au^u^hU, can he 

Ji„ana„.o™.sufficien..op™vid.desi«dantioucrohia.p™pem^. 

Ilr,e ^™0.oahou.20weish.p-ce„.,«ft^'y-^''«'>'-*°"'''''"''^' 
;Z!:ran.«c„hia.as«.hasedon.c«.«.weish.omecompos.«o»ca«he 

^' Bxamplesofus.Mfoa.u«hi«.rstacluden,e*ylsiUco„epo.ymers.Non. 
M,i„g.««p.esofuse*.foamgcnc«.o«h«.udcsurf^.a„-«ch..^™^^ 
,^<»,i'oa«ooicanda.pho»iccon^«nds. These oon^oneu^ can he used. 

amounts to give the desired results. 

V Jsity modme. include pour-poin. depressant and viscos,.y .n.p«v^ 
s„chaspo,yn,eU«cryla.es.po>yisohu.y.euesandpo,yaU=y.s.,«nes. ^J^^ 

„odUle:.used.an.ounUc,vedesi^«su,.f«e«n...^n.-*^^^^^ 
„eigh.perce...P«abou.0.5.oahou.l5»eigh.percen,hasedon«,e«,u. 

-^^:";":^2.can.canhe.™edasdes.ed,..e.a.p.e.hycu™so. 
s„Wen.caslg.A.so.*e.ayercanh.to™ed,safiUnorc«a.mgorfinepowd.on 

: l.aine.Lorconve,o,.^«K,u.*eneedf«anycu..gco„uine. — 

*,ye«>y.ene.e^hU^a.econ«i.ers,p..,n.er.an^.»-»-' — 
asLinun,cans,pape..«a«dpape.s.c.a«dp,pers.po.yn.er.anuna«s. 

ceramics, and composites can he treated. •„ v, „ 

By container is mean, anyreceptacle in which matenaltsorwllheheld or 

,3nied.Forexamp.e,hev=rageor,oodc„n,ainersarecommonlyusedcon.a^. 
Bevetagesinclude^ty U^uidsuitahiefordHuidns. for example *nOm«^^^^ 
arirfe water, milk. wine, ardficially sweetened drinks, sports dnnks. and the hke. 
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who, used with food or beverage oontamws. 

Cep«ie«.mvc„.ionisadvan<ageousa.con.paredu„nor.,ueous 

t^^lnci.y^woo.because.a.Sean.oun-f''---'-^- 
environment, because nncrobes generally gro .^u^cants 

u c«i to anolv the liquid lubricant to the conveyor surface 
these methods can be used to apply the iiq w is only necessary to 

Tfthe container surface IS coated. It is oniync^c jr 

""•^T^CoC*n.ofU.eeo„ve...a.co„«.«.----«« 

,,„ugh.«.i«»«MHfe.oras«ni-P«m,-n.««'»8'^'-'>'''"^ 
"°":^3H»„oi.e..e«ee.ve..».H«..*enn.p.as«esK^^^^ 

„.^:.d.p..c..P— -^^^^ • 

"-trLtotii;----— ---- 
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'"^^ Have higher « a ™ore rapid change 

"^"'^-'"^'"■^^jrjLaenst-^aaa^erco.or. PrereneaoiU 
i„ ^scosity as «mperan« ^ ^^Uc sm.ch«. 

hydwcaAonoH. ^i, ft. applieations of toe invention. Such 

syndetic oils m .!«. fi"- «se « * ^P^ ^.^^.^ 

,^*e.icoi..inc,udepo.y.lphao.efi».C.«*««-°^ 
,;„..po,yi»h.™^^^^^^ 

— . S-o.canino.ae..^---J^-^ 
3rem.i-«>yfe<^»*»^'^*"f'"°'^3^Lfa«yacidshaving4»12 

additive ma«rials. ^,^,^.„a. is viscosity. Viscosityotan 

one very in,po«an. propeny of h^d y ^ oi. 

„„Ur.a..a«..hesh«.essor»^.m^^ 

-'-''-^-'^^.'-^T jrtriascen.is.o.es.cS.). Thepref««. 

^"yZ:::------'*'---?":: 

XlX-thanSO^n'---.--'-'^-'-^""^-"' " 
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40»C and less than 15 mm -sec .preienioj ,„~,ri« 
,e.sa.an5nm>WatlO(«:. He viscosity of *en»<erials*ove 100 C« 

- substantia..yte.evan.wi.hrespect.otrea,ingor,«bricatingthe,™pl^c^^^^^ 
Lt.eip.as.icsa.use.a..et„pe.»estHa.«nse^.naJ«„.2.;C»^^^^ 

5 40X Xhc.nbric«ingoi.n«teriaUof«>einvenUcncaninc.udcchenuclaad,t,v.s. 
S,.ch'.aditivesc»inc,udeoxygena.ioninhibitot..n..inMbi.ots.an.iw..^ 
«cdon,nodifie«.d=.ergentsanddisp«sants.antin.c.bia.s, foan. .n^b,.. and 
oU^welHotownaddiUves. The U,«idhyd»ca.bon oil material used ,n me 
U.venUonca«comprisc.singlecomponen..«bricant,i.whichc«.beana.ura.. 

.0 synthe.icor^troleumoi,ma.eHa,«s.d«i,hou.a..ysubs.antialfommU^^^ 

L., the U,uid hydrocarbon oils of the invention c». compose ablend of «o « 

. ltp«»le.mo.l.two„rmoresyntheticoils.or,woor„ore^»^^^^ 

- Further th.Uqmdhydrocart.onoilsofthcinventioncancompnse.blendof.woor 

nro;.helal.s,n.he.icorpe..ol=nmoilma.eHal.Suchblcndedo..ma^^^^ 

can have ^.vantages of low viscosity, improved inermess and mo,s»^ re«stan e. 
Pn,*er.the.i<,»idhydroca.bonoilcanbetormul««.bycombiningano>loro,, 

h,e„dwi.havarietyofotherl„bricatingma.eria,. The formtUattons can mCn^the 
chemical additives recited above or can Iso comain lubricating tnater^^ s«^^ - 
silicone oils, fatty amines. peroxyaUylated fatty amines, hyd.oca.bon phos,^hona.es. 
:rso..*le,ua.er.aryammoniumcompounds,oi.solub.elinearora«^^ 
orotheroilsolublelubricatingingredients. Preferably, the resulting h,md 

hydrocarbon oil material is manufac««d 6om materials generally recogmzed as 
^afeorknownto be compatible with food.particularly beverage applicattons. 

A variety of hydrophilic lubricating materials can be employed m the o,l 
hased.ubrica„.compositions.orothe.wiseasdisclosedherein.inc.udingh3^^^^ 

containing compounds such as polyols (e.g.. gl5^1 »^ P-^^ ^lyool); 
polyalkylene glycoU (e.g. me CAKBOWAX" series of polyethylene and ^ 
metboxypolyethylene glycols, comme^ially available fiomUmonCari,.deC^.). 
Unearcopolymersof ethylene andpropyleneoxides(e.g.,UCON™ 50- HB-100 

wa.er.solub.eethyleneoxide^py.eneoxidecopolymer,conm,ercially — 
^ Union carbide Con..); and so*i.an esters (e.g.. TWEEN- senes 20 0. 60^S0 
^ 85 po.yoxyethy.ene s««tan monooUa.es and SPAN- series 20. 80. 83 and 85 
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soibitan esters, commercially av<u and their 

that mieiit promote enviiotimenttl stress 
^Wng in plastic conta.,K>rs v*en evduated m 

u.to«tiQiiv "water-unimscible , mai is, uic 
^ri»g.othepa«cu..c nv ^ 

f<!FI 147 and SF8843 silicone nuids with respecuvc y 
alkylsiliconessuchasSF1147ana» silicones Preferred 

H „f089and095-1.10,bothc«.mnerciallyfix.mGESil.cones. " 
grav,nesof0.89andO.» ^ oil) and min«al oils (e.g., mmeral 

U.bncan.Co.,BACCHU ^„ oil having a speci6c 

"t:r"l"lahle.n.VnlcanOilandChen.ical 

::::ra.u:aao...oi,.p^c.n^»^^^ 

avoid ,he use of oleophilic .«bric«ing mater^ls mu^.. P"- 
sr^craCcinginplasdccont^nerswho. evaluate. ustngthePETStressC 
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's«„u. below. Pr.fcr*.y««o.«^WBc.ubric.dng»a«ri..coau«is=saminer^ 

or mineral seal oil. 

p„ferrea3„.ounUfor*eh,*ophiUcl«brieatingma.en.l.ol~ph.Uc 

Mol prefe^ly. *e .ubrioan. oo»posWo« conutas about 50 .o abou. 0 w^. /. of 
O^bydropbiUc ,ubri««ngm.«ria., about 1 «, abou. .5 w. % of the o eophtho 
„.nateria..andabo„t2to*o.49«.%ofwate,o.o.be.a..u^^^ 

p.fe^,y. the lubHean. cott^sition coutait. about 65 to about 85 w. % of the 
lya^phiUc .ubricatiag tnaterial. about 2 to about 10 % of the oleophthc 
,ubHeatingmat«ialandaboutStoabou.33w..%ofw..erorotherd.,u«,t. 

Fonuatiouofanunstablemixmreandp^motion of early phase separa^on 
^,lbe.id.dbyavoidi.,gthe»«ofen.uUifiersoro,hersurfactantstha.ofte.a« 

e^loyedlneouveyotlubHca^ts. Beeause „^y e^ulslfiets pto.o. env„.»«^ 
,lLklnginblow.mold.d^.ycthy.eueterephthaU.ebottles..he^^^^^^^^^^^ 

penults a desi«b,e .eduction iu or e—u of lugredieuts that uught othe^tse 
LePETstresscracldng. Preferably the lubricant coutpositlon is substan^ally free 

of surfactants. 

The lubricant compo«tions can contain additional components if desired. 
For example, the compositions can contain adjuvants such as conventtonal 
„aterbon,eco„veyor.ubricants(..g..fe..yacidlubrican.s,antimicrob.a,^^^ 

cotorants, foam inhibitors or foam generators, cracldng inhibitors (e.g.. PET stress 
cracking inhibitors, viscosity modified, film fonning material, anticxtdanu or 
antistatic ag».ts. TTe amounts and types of such additional components wtU be 

apparent to those skilled in the art. 

For applications involving plastic containers, the lubricant composmons 
preferablyhaveatotalaUcalinityequiv^ent to less than aboutlOOppmC^^^^^^^^ 
preferably less than about 50ppmCaCO3. and most preferablyless than aboutSO 

pp. CaC03.as measured inaccordance with StandardMethods for theExam^^^^ 
of Water and Wastewater, 18th Edition. Section 2320, Alkalmity. 
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^e,ubric».con.posidoasp«.«*.yh.v..cocfficicn.ofmo«on(COF^ 

- Ssing the Short Track Conveyor Test described below. 

A vrietyof kinds of conveyors arK. conveyorparts eanhecoatedvnth the 

5 luhrieantcon^ti^r. Parts of^e conveyor that support or guide or move *= 
Ia„.rsandth»sareprerer3h,ycoa.edwi.hthe.uhrican,c„n,po.t.^^^^^ 

chains, gates, chutes, s«^ts. and r»nps having surf^es made of «>r.es. 
„«als.pias«cs.composites.orcombina.ionsofthesen»tenals. 

L.uhric«.oompositio„canb"li..-^o'-^->'*"'*'»»"'^^ 
, «„n Preferably the lubricant compoddon is a Uquid having a Viscosity that 

trr;i,t"p=^and,eadi>yapplied.oaconveyoro,con.aine.s.a„d,h^^ 

:r^r:;dBjfonna.ionandphasesepara«on«he.^^ 
. rI^„..TL.ubHcantc„n,pos.tionc3„be.br™u.^soth.itexh.h..shear 

■Iu::oro.herpseudo..asa-hav.or,n«nifes.edbyahigh„vi^^ 

— rrp:r;:== 

X .^ „, od,er rheology modifiers in the lubricant composrOon. The lubncant 
slhcas) or other rneoiogyn t;^ Pr-feiablv the lubricant 

coating can be applied in a constant or intermrttent fashion. Preferably, th 

IHisapplil-— -'-•^-'""'^"'""'■-"'"^''^T 
rp„i,ubLtcompositio„.Pore.ample,tHe,ubricantcompos.t.o„c^^^^^ 

. Zli^Sforaperiodoftimeduringwhichatleastonecompleterevohrdonof^e 
IveyortakLplace. AppUcation of the. ubricant composition can. hen behalf 
,3 raiioaofUme(e.g..minutesorhours,and,he„resumed.ra,i^erp^^^ 
Le(eg o.eormorefi.rtherconveyorrcvolutions,.Thelubnca„.coatmgshud 
::«i:nt,y.hick.oprovidethedesireddegreeoflubric«i„n,a„^^^^ 

„ pennit economical operation and to discourage dHp formaUo. The lubncan, 
coLg.hicknesspreferablyismaintainedatatleastaboutO.000. mm^more 
30 ;lferllyabou.O.OOi .o about 2 mm. and most preferably about 0.005 to about 0,5 

nun. 
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Prtor to wlic»«i<« «> " *° 
should be mixed sufficientty so fttt the lubHe^t compositio,. is no. substantially 
phase-separated. Mixing can be earned out using, variety of deviees. Forexample. 
the lubricant compo«Uon or its individual cooiponents c«. be add«i or metered .nto 

5 a mixing vessel equipped with a suitable stirrer. stirr«J lubricant compositton 
can then be pumped to the conveyor or containers (or to both conveyors and 
containers) using a suitable piping system. Preferably a reUtively small bote ptprng 
system equipped with a suitable return line to the mixing vessel is employed m onler 
to mainuun the lubricating composition in an unstable, «le,uately mixed condtf on 

10 prior to appUcadon. AppUcation of *e lubricant composition can be earned out 

using any suitable technitpe including spntying. wiping, btushing, drip coaung, roll 
coating, and other methods for application of. thin film. If desired, the lubricant 
compositioncanbeappUedusingspraycuipmentdesignedfortheappUcattonof 

eonventional aqueous conveyor lubricants, modified as need be to smt the 
15 substantially lower application rates and preferred non^Ppingco«ing 

char«>teristics of the lubricant compositions u^ in the invention. For example, the 
spray ».zzles of a conventional beverage container lube line can be replaced wtth 
smaller spray noales or with bmshes. or the metering pump can be altered to reduce 
the metering rate. Preferably the lubricant composition is appUed sufflcenUy 
20 upstreamficmanywatersprayorothersourceofwaterspillageontheconveyorhne 

so that the lubricant composition wiU have time to undetgo phase separation before 

it may be exposed to water. 

The present invention uses a substantially non-aqueous lubricant to lubncate 
containersand/orconveyorsystems upon which thecontainerstmvel. Substantially 

25 non-aqueous means the lubricant is non-aqueous or includes water only as an 

in.purity.orincludesanamountofwaterthatdoesnotsignificantlyandadversely 

affect the stabiUty and lubricating properties of the composition, for example, less 
than lOo/o. or less than 5%. or less than 1% by weight of water based on the weight 
of the lubricant. Preferably the lubricant is compatible with the beverage intended to 

30 be filled into the container. 

The containers of the invention can be made ftom vifflially any themK^b^ttc 
^ can have any degree of stress cracking in the plastic when filled with a beverage 
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orunderpressurefrombeveragecontents. Such thermoplastic materials can include 
polyethylene, polypropylene. pol>.arbonate, polyvinylchloride. polystyrene and 
6thersuchpolymerizedmaterials. n.e polymers of greatest interest include 
polyethylene terephthalate, polyethylene naphthalate. polycarbonate and other 
5 similarpolymers. Copolymers of interest include copolymers and ethylene and 

dibasic acids such as terephthalic acid, naphthenic acid and others. Further, 
containers madcofpolymer alloys orblends such asblendedPET and PEN, blended 

PVC and polyacrylates along with other alloys and blends can be useful. Further, 
containerscomprisingtwoormorelaminatedpolymerlayerscanbeuseful. Anyof 
10 thethermoplasticmaterialsmentionedabovecanbeusedineachofthelayersofthe 
bottle One useful material that can avoid stress cracking while maintaining high 

. concentrations of carbonation in a carbonated beverage can include a PET/PVOH 
lanunateaPEN/PVOH laminate, apolycarbonate/PET laminate, apolystyren^^^ 

laminate and others. Further, additional layers can be introduced for the purpose of 
15 achieving additional properties in the container structure. For example, a layer can 
be added to the laminate that protects the beverage contained within the bottle from 
reaching residual monomer from thepolyester, the PVCorotherplasticAlammate 
layer can be introduced to the exteriorofthe bottle for the formation ofapnntable 

surface. In such a way a useful bottle material can be made using a vanety of 
20 materials in a variety of structures including single component bottles, polymer 
alloys and blends and laminates of various size and composition. 

Containers include beverage containers; food containers; household or 
. commercial cleaning product containers; and containers for oils, antifreeze or other 
industrial fluids. The containers can be made of a wide variety of matenals 
25 including glasses; plastics (e.g.. polyolefins such as polyethylene and polypropylene; 
polystyrenes; polyesters such as PET and polyethylene naphthalate (PEN); 
polyamides. polycarbonates; and mixtures or copolymers thereof); metals (e.g.. 
aluminum, tin or steel); papers (e.g.. untreated, treated, waxed or other coated 

papers); ceramics; and laminates or composites of two or more of these matenals 
30 (e g.. laminates of PET, PEN or mixtures thereof with another plastic material). Ttie 
containers can have a variety of sizes and forms, including cartons (e.g., waxed 
cartons or TETRAPACK- boxes), cans, bottles and the like. Although any desired 
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ionUc.v,iU,tt,econve,oror»i.ho*ercon.^ners.Prcferab.y.*..«bnc». 
eo™posi.«nis«o..pp,ica.opo«ionsofU.ennop,as«.co„«in«s^a.cp»nc» 

c„„.p<,si«onisappUea.a«aysuUi.efoo.po«ionofab>ow..o.<.e4oo^^ 

por«c„)vriU»u..ppiyto.signific.m,»-««esofl«brica«.con.pos.«o„.o>h= 
Lon.housce„..b3«;««ionoftt..o™«iner.AUo.U».ub~^^^^^^^ 

,0 prcfe»b.yisno.appUed,<,port<»»of.con»iner*a.migh.«crbegnppedbya 
Lh«.dLg4eco„.ainer,or,ifsoappUed.i.p«f«ab.yr=»»vedfto»»ohporU^^^ 

, ...andsa-eof-HeccnU^e. P. so«. auch appUcaHo. U,e .»bncan. 

^ LpoalUonp«f«ab>y.appU«i.o.h.conv.yc,ra,he.«»»»*.--^ 

oricr»IW.*»ex.«.«»UchU.econmn«nuBh.ta«rbeco,ncsUppcnr.nao««a 

Th«epol,n>ern««rialsc»,b.usedformaking™«.al.ya„ycomai„erU.a^ 
cax,be.hc™ofonn»i.b.o« mowed or Shaped inconvc„tio«,«^p.-Uc*ap«^ 
operaUons. Induded in *c descripdoo of conumora of *e invenHon axe co„u««s 
L carbo-^ted beverages sach as colas, ftui. flavored drinks, roo. beers, g-nger ales, 
earbona^d warer, e.c. Also included are containers for n».. beverage such as 
.ecrs.a,es.por.ers,s.ou..e«.AddiUonal,y,con.ainersfordain,produc.™*^ 
„Ho,e,2%orskin,n.U.areinclud«la,ongwid,con.ai.ersfor,u,ces,Koo,.d^ 

o^er reconstiur^d drinks), «a. Ga«.raid» or oUrer spor. drinks, neu«a. dru*s 
^ SHU (non-carbonaud) wa«r. Fur««r. food containers tor flowable bu. vs^us 
25 or non-Newtonian foods such as ca«up. mus«rd, mayonnaise applesauce, yogur,. 
syrups, honey, e.. are within the scope of the invention. The con.ai„«s of the 
inventioncanbevirurally any size including(e.g.)fiv.ganonw^erbo.Ues.o„e 

gallonmilkchugs or containers, .wo liter c3,bo.«edbeverag.con..iners..w«..y 
ouneewaKrbotUes.pin.oronehalfpintyogurtcon.ainersando.hers. Such 
30 bev^ageeontainerscanbeof variousdesigns. Designs can be entirely uUUtanan 
witt,ashapeuseMsimplyfor8Uingtranspo,tttion,salesanddehvery. 
Altem«ively.thebeverageco«ain.rscanbe shaped art,ittarilywi*designsadap.ed 
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for marketing of the beverage including the classic "coke" shape, any other 
decorative, trademarked, distinctive, or other design can be incorporated into the 

' bottle exterior. ' 

Initial experimental results appear to suggest that the lubricant of the 
5 invention such as the liquid oil lubricant materials, the silicone or otherwise tend to 
associate with the surface of the thermoplastic container and also associate with 
flaws in the surface of the plastic that can give rise to stress cracking or protect stress 
cracking surfaces from the undesirable effect of stress cracking promoters. The oil 
associated with the surface of the bottle tends to prevent stress cracking by isolating 
10 flaws and sensitive surfaces from the undesirable effect of stress crack promoters 
during operations using the lubricant oil. 

The substantially non-aqueous lubricant used in the present invention can be 
asinglecomponentorablendofmaterialsfromthesameordififerenttypeofclassof 

lubricant Any desired ratio of the lubricants can be used so long as the desired 
15 lubricity is achieved. The lubricants can be in the form of a fluid, solid, or mixture 
of two or more miscible or non-miscible components such as soUd particles 

dispersed in a liquid phase. 

Also, a multistep process of lubricating can be used. For example, a first 
stage of treating the container and/or conveyor with a substantially non-aqueous 
20 lubricant and a second stage of treating with another lubricant, such as a 

substantially non-aqueous lubricant or an aqueous lubricant can be used. Any 
desired aqueous lubricant can be used, such as water. Any desired substantially non- 
aqueous lubricant can be used in the first or second stage. The lubricant of the 
second stage can be soUd or Uquid. By selection of appropriate first and second 
25 stages, desired lubrication can be provided. Also, the order of the second stage and 
first stage can be switched to give desired lubrication. 

In addition to the lubricant, other components can be included with the 
lubricant to provide desired properties. For example, antimicrobial agents, 
colorants, foam mhibitors or foam generators, PET stress cracking inhibitors. 
30 viscosity modifiers, friction modifiers, antiwear agents, oxidation inhibitors, rust 
inhibitors, extreme pressure agents, detergents, dispersants, foam inhibitors, fibn 
forming materials and/or surfactants can be used, each in amounts effective to 
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orovide the desired results. 

Examples of »«w»r age«« »d p«ssu« agen. mCude ^ 

, l^^r^^. Thisan«„n,tcanbc£ro™0.o*o».2«we.gh.p«-. 

^,e.ab>ya^>«I«.».ou.5w,i^.pe.».forU>ei.aivi<.ua.agen«.bascdo«U.e 

total weight of the composition. 

^amp.csofuseMd«erge^»aaisp««n«inc.udeaUcy.be„««— 

acid. aMphcnoU, o,*oxyUc aoids. dkyU-hosphonio acids and ««ir calcium. 
sodi..a„d.a^esiums.,«.^l,b»«»y..»ccinic.ciddcHva«v«.a.U^ 

, oi.-— ..ipHa.chyd™ca*o„c.«i.t.ac^.--<^^ 
: ^ i. an amoun. ,o give desi«d amoun. can rang. <i™ 0 .o 

JCprefcrablyabomCS «,abou,20perccn.by weigh. for*e»d.v,dualcn^n«.. 

15 based on the total weight of the composiHon. 

Useful antimicrobial .gents include disinfectants, antisepfos and 

preservatives. Non-Umitingexantplesoft^ManUmicrobiaiagentsmdudep^^^^ 
i„cludinghalo.andni.roph«.olsandsubsU«.t.dbispheooUs«chas4. 
HexyJorcino,.2-benzy.-4.hlor„phenoland2,4.4..tHchloro-2.*^^^^ 
.0 ethl organicandinorganicacidsandiuestersa»lsa.tssuch.sdeh,droaceUcac.d. 

CycLoxyUcac,ds.per„xyace«cacid.methylp-hyd.oxyh«,z„io.^^^^^^ 
agentssuchas<,uaten.aryann„oniumco,npound.aldehydess«hasg.^^^^ 

an^microbial dyes such as acridines. triphenylmethane dyes and ,umones and 
balogensincludingiodineandchlorinecontpoundsThcantinucrobtalag^u^^ 
„ „sedinan,ounttop.ovidedesir«*antimierobia.properties. For example, fton, 0 to 
aboutao weight pe.cent.preferablyaboutO.5 to aboutioweightperc^t. of 
a„.imic«,bi.lag»t.basedonthe total weigh.ofthecompositioncanb.usei 

Examples of nsoftl foam inhibiUKS include meStyl siU«ne polymers. Non- 
limiting examples of usefhl foam genera«,rsincludesurftc.an.ssuch^no..omc. 

30 anionic, catiomc and amphoteric compound. These compon»U can b. used m 

amounts to give the desired results. 

Viscosity modifiers includepour-point depressants and vtscos-ymiprovers 


31 


1 iriin"m''^-5a ^ o■€l^ J.N^oB 


PCTAJSOO/22190 
WO 01/12759 . 

»^^p„,ymea.ac,yta«s.pol,isob«yle«»andpob«lkyls.y^^^ Th^viscosity 
n,c«iifi«b«s«lin«nom...ogiv.d«ired«sulu,for«ampl..fion,0toabou.30 

weigh.per«nvpreterably*ou,0.5.o.bou.l5««gh.p«c«...l»»do„*e..ul 

weight of the composition. 
5 A Uyer of soUd lubricant can b. fonned « d«i«d, for ex^nple. by cunng or 

solventcastog. Also, meUyercanbe formal asafihn or coadngorfinepowdcron 

tt,e container and/or conveyor, withont the need for any cunng. 

The lubricant can be used to treat any type of container, indudmg those 
™e«ionedin.h.Backg.oundsectionofthisapplication. For example, glass or 
,0 plasdo containers, including polyahyleneter^hthd^econuuners, polymer 

te^rinates, and metal containers, such as aluminum cans, papers, treated papers, 
c^tted papers, polymer laminates, ceramics, and composites can be treated. 

BycontainerismeantanyreceptacleinwhichmaterialisorwiUbeheldor 

«rted. For example, beverage or food containers are commonly used cont»ners. 
1 5 Beverages include any liquid suitable for drinking for example, finit juices, sof> 
drinks, water, milk, ^ artificially sweetened drinks, sports drinks, and the hke. 

The lubricant should gen«aUy be non-toxic and biologically acceptable, 
especiaUy when used with food or beverage containers. 

The present invention fe advantageous as compared to prior aqueous 
20 lubricants because the substantially .on-«,ueous lubricams have good compaabthty 
with PET. superior lubricity, low cost b«ause large amounts of water are no. used, 
and allow for the use of a dry working environment. Moreover, the present 
. invention reduces the amount of microbial contamination in the woriang 
envi««nent. because micobes generally grow much faster in aqueous 
25 enviromnents, such as those ftom commonly used aqueous lubricants. 

The lubricant can be appUed to a conveyor system sur&ce that comes into 
contact with containets, the container surftce that needs lubricity, or both. The 
surface of the conveyor that supports the containers may comprise &bnc. metal, 
plastic, elastomer, composites, or mixnne of these materials. Any type of conveyor 
30 system used to me container field can be treated »^rding to the present inventton. 
The lubricant can be applied in any desired mamier. for example, by 
spaying, wiping, rolling, brushing, oraoombinarion of ^ryofthese, to the conveyor 
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sui&ce and/or the eontdner surftce. He lubricant can also be appUed by vapor 
deposition of lubricant, or by atomizing or vaporizing the lubricant to fotn, fine 
droplets that are allow«i to settle OB the container and/or conveyor surface. 

Uthe container sarfa« is coated, it is only n«»ssa.y to coat the sur&ces that 
5 come into contact with the conveyor, and/or that come into contact «th other 
containers. SimUarly. only portions of ti.e conveyor .hat contacts the contamers 
„e«ltobetreat«l. The lubricant can be a permanent coating that remains on flte 
contain^s throughout its usefla life, or a semi-permanent coating ti^ is not present 
on the final container. 

nAQcrintion of the Drawings 

Figure 1 is a bottom view of the petaloid base portion 10 of a two liter 
beverage container made of poly(ethylene-co-terephthalate). The shape of the bottom 
is manufactured by themioformingapreformofthe polyester thermoplasticma 
mold having the desiredbase shape. The heated thermoplastic is forced against the 

mold in a manner that forces the themioplastic to conform to the appropriate shape. 
The five lobe base portion is made up of five identical lobes 1 2 formed around a 
center indenution 13. The lobes define recessed portions 11 between each lobe 12. 
•n.e lobes are confomied to form a pentagram shaped pattern of resting surfaces. 
The resulting confomiation fonned in the base cup 10 provides a stable support 
surface that can maintain the container in an upright position. 

Figure 2 is a side view of a typical two liter beverage container formed for 

insertion into a polyethylene base cup (not shown). The container 20 comprises a 
threaded surface forascrew on capclosure device. Tl.e bottle 20 further containsa 

themioformed device, -^e bottle 20 fiirther contains a thermoformed wall 22 wh,ch 
extendsfromthethreadedportion21toabaseportion24. During blow moldmg. 
the base portion 24 is fomied in a mold that forces the hot thermoplastic to conform 
to the shape of the mold. The mold confomis the thermoplastic into abase portion, 
begimung at a transition zone 25 into a curvilinearly shaped base portion. The 
shaped base portion includes a spherically shaped indentation 23 tiiat cooperates 
with the other base components 24 and 25 to maintain the contents of the contamer 
(not shown) under pressure without pressure induced rupture. The shaped portion of 
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the base typicaUy contains the stress locked into the thermoplastic by cooling the 

material after blow molding. 

Figure 3 shows a typical PET preform used in blow molding the beverage 

containerofFigure2. Such preform 30 has a threaded end neck portion 31 adapted 
5 for a screw on top or lid. The prefom. typically has a collar 33. The prefomi has a 
"test tube" shape 32 with sufficient polyester thermoplastic typically in a 
substantially oriented polymeric format such that when blow molded, to a two Uter 
size or other size at the discretion of the operator, has sufficient strength to mmntam 
structural integrity after filling with a volume of carbonated beverage. 
10 A Uquid hydrocarbon oil can be used to associate with and form a coating on 

the bottle or portion of the botUe shown in Figures 1 and 2. The oil can also be used 
to associate with the surface or a portion of the surface of the prefom. of Figure 3. 

■ The oil can be combined with the bottle in a variety of known techniques. 

Importantly, the oil is directly associated with all of or a portion of the thermoplastic 
15 material that can stress crack. Typically, the most serious stress cracking is found at 
areas of large amounts of amorphous materials. Such areas include the pentaloid 
shape of Figure I. Stress in the preform arises generally after formation into a 
container. These locations are typically sensitive to stress cracking because of the 
relatively larger amount of amorphous material (compared to the walls of the 
20 structures) and the nature of the forming process. 

The invention is further illustrated in Fig. 6, which shows a conveyor belt 10, 
conveyor chute guides 12, 14 and beverage container 16 in p^ial cross-sectional 
view. Tlie container-contacting portions of belt 10 and chute guides 12, 14 are 
coated witii thin layers 18, 20 and 22 of a lubricant composition of the invention. 
25 Container 16 is constructed of blow-molded PET, and has a tiireaded end 24. side 
25 label 26 and base portion 27. Base portion 27 has feet 28, 29 and 30, and crown 
portion (shown partially in phantom) 34. Thin layers 36, 37 and 38 of a lubricant 
composition of the invention cover the conveyor-contacting portions of container 16 
on feet 28, 29 and 30, but not crown portion 34. Thin layer 40 of a lubricant 
30 composition of tiie invention covers the conveyor- contacting portions of container 
16 on label 26. The silicone material and hydrophilic lubricant are "water-miscible". 
that is, they are sufficiently water-soluble or water-dispersible so that when added to 
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W3«r « a., d^ircd m. l«d *ey fo™ . solution, onukion or suspension. 
The desire) us. level wUl v^u, «=coniing to the parteular conveyor or contamer 
application, and according u, the type of silicone and hydrophilic lubncan. 

employed. 


yypFRTMENTAL 
Example 1 

A Uquid hydrocarbon oil material is nu.de by combining a parafBnic solvent, 
10 petroleum vAite oU, a stabilized-modified vegetable oB and a dispersed Teflon® 

particulate. 

The following examples contain a stress crack promoter: anoniomc.an 
• amine or an alkali metal base. 


15 


20 


25 


Tnmr^'"^^'^'^ F.Yample I 
A foamed PET lubricant is made by combining a lubricating amount of 
(EO)y(PO)x block copolymer with an aqueous ( 
hydrogen peroxide. 


; diluent and a sanitizing amount of 


rnm parative E xample 2 
An aqueous track lubricant is made by combining an effective lubricant 
anrount of an ethoxylated amine an alkyl amine, cotosion inhibitor and a catiomc 
biocide. 

r'^r^parafivft F.xample 3 
An alkaline cleaner with chlorine is made by combining potassium 
hydroxide, an encapsulated chlorine source, sodium tripolyphosphate. a surfactant 
package and a water conditioner. 
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T .K»r.tnrvPassr""^- T^ct^na Results and Conclusions 
The following is a table of results that is a model of the perfonnance of a 
typical2-liter polyester bottle havingasurfacepassivated to stress cr^^^^^ 
liquid hydrocarbon oil. The term "passivate" indicates that the surface passivated by 
a coating is less likely to stress crack. The bottle is contacted with the oil and the 
with model stress cracking promoters of the comparative examples. Figure 4 is a 
graphical representation of these results, h. the figure the first portion of the graph 
represent the lack of stress cracking ofthebottie when exposed toahydrocarbon 0x1 

such as that in Example 1. The next set of bar graphs show that the liquid oil 
reduces the cracking ofthe bottle in the presenceofthe foamed lubricant. The next 

bar graph shows that the oil reduces the stress cracking effects ofthe track lubricant. 
Lastly the last set of bar graphs show that the oil reduces the stress cracking effects 
of a highly caustic chlorinated cleaner. 
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Table 1 - Stress Cracking Testing 



"This bottle leaked contents during testing due to depth of craze. 
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Conclusions: 

Example 1 exhibited minimal attack on the PET bottles. 

Example 1 applied to PET bottles prior to conveyor lubricant contact acted to reduce 
the chemical attack of the lubricant. 

Example 1 appUed to PET bottles prior to contact with residual levels of an alkaline 
cleaner acted to reduce chemical attack of the cleaner. 

rhcmical Att a'-fc Test Method 

Charging the PET bottles 

FiU PET bottles with 1850 gm chilled city water 
Add 33 grams citric acid 
Add 33 grams sodium bicarbonate 
1 5 Immediately cap with closure 

Shake bottles to mix contents 
Rinse under DI water 

Place on paper toweling to equilibrate overnight 
Preparing the test solutions 
20 Foamed PET Lubricant 

Combine one part Commercial Foamed Lubricant 
with 99 parts distilled water 
Stir to combine 

Transfer to bowl of electric mixer 

Whip to stiff foam (two minutes with whipping attachment) 
Conveyor track brewery lubricant 

Combine one part of lubricant with 99 parts distilled water 

Stir to combine 

Transfer to bowl of electric mixer 
30 Whip to stiff foam (two minutes with whipping attachment) 

Enforce Chlorinated Alkaline Foam Cleaner 

Combine one part Enforce with 399 parts distiUed water 
Stir to combine 
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Transfer to bowl of electric mixer 
Whip to stiff foam (two minutes with whipping attachment 

Treating the charged bottles 

Dry Film Lube Control 

Apply one drop of the Fin Food Lube AL to the gate area of the bottle 
Smear the drop on the bottle base covering the amorphous region, 
base of feet, and strap areas 
Lubricant and Foam Cleaner Controls 

Dip the bottle base into the stiff foam so that the foam contacts the 
amorphous region, base of feet, and the strap areas 
Dry Fihn Lube followed by Lubricant or Foam Cleaner 
Apply the Fin Food Lube AL as above 
Dip the bottle into the lube or foam cleaner foam as above 
Bottle HandUng and Storage 

. Place each bottle into an elongated zip lock bag and seal the bag 
Place up to 12 bottles into lined plastic bins 
Place tlie plastic bins into a humidity chamber set to 90% RH and 
lOO^F 

Store the bottles in the chambers for 16 days 
Release bottle pressure, remove them from the chambers and empty 

the bottles 

Cut bottle bases off of bottles 
Bottle Observations and Grading 

Smear red lipstick onto bottle base with gloved finger, working it into crazed 

areas as much as possible 

Spray 99% isopropyl alcohol onto microwipe to moisten 
Wipe excess lipstick from base with IPA coated wipe 
Observe and record the pattern of crazing and the number of crazes with 
residual Upstick 

Fxamole 2-4: 

These examples demonstrated that com oil. a nattiral oil. possesses lubricities 
which are better than or comparable to a commercially available aqueous based lube. 
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The cylinder material was mild steel for Example 2, glass for Example 3, and 



EXAM 
Mild steel-o 
steel lul 

PLE2 
n stainless 
jricity 

EXAMPLI 
Glass-on stainle 
lubricity 
Com oil 

13 

ss steel 
Refer. 1 

EXAMPI 
PET-on stain] 
lubrici 
Com oil 

-E4 

[ess steel 
Refer. 1 

Drag force 
f average) (g) 
RelCOF 

Com oil 
21.0 

0.598 

Refer. 1 
35.1 

1.000 

25.3 
0.969 

26.1 
1.000 

25.7 
0.714 

36.0 
1.000 


The average drag force was recorded and the Rel COF was calculated based on the 
average drag forces of the testing sample and the reference as measured by the 
lubricity test detailed below. 


10 


Example S-7: 

These examples demonstrated that Bacchus™ 22. a mineral oU, possesses 
lubricities which are better than the commercially available aqueous based lube. The 
cylinder material was mild steel for Example 5, glass for Example 6, and PET for 
Example 7. The rotating disk was stainless steel for Example 5-7. 



EXAMP 
Mild steel-oi 
steel lub 

►LE5 
1 stainless 
ricity 

EXAMP 
Glass-on staii 
lubric 
Bacchus 22 

LE6 
iless steel 
ity 

Refer. 1 

EXAMPI 
PET-on stain] 
lubrici 
Bacchus 22 

-E7 

ess steel 
tv 

Refer. I 

Drag force 
(average) (g) 

Bacchus 22 
10.2 

Refer. 1 
31.3 

22.4 

27.6 
1.000 

18.6 
0.598 

31.1 
1.000 

RelCOF 

0.326 

1.000 

0.812 





15 


Fxamole 8-9: 

These examples demonstrated that the two synthetic lubricants have a mild 
steel-on-stainless steel lubricity that is better than or comparable to the commercially 
20 available aqueous based lube. The cylinder material was mild and the rotating disk 
was stainless steel. 
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Fvam ple 10: 

This example demonstrated that SF96.5, a synthetic siloxane lubricant, has a 
PET-on stainless steel lubricity that is better than the commercially available 
aqueous based lube. The cylinder material was PET and the rotating disk was 

stainless steel. 


10 



SF96-5 

Reference 1 

Drag force (average) (g) 



Rel COF 

0.786 

1.000 
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Example 1 1 : 

This example demonstrated that Kiytox™ DF50, a solid lubricant in a 

solvent, possesses a mild steel-on stainless steel-lubricity that is comparable to the 
5 commercially available aqueous based lube. The cylinder material was mild steel 
and the rotating disk was stainless steel. 



Kiytox DF50 

Reference 1 

Drag force (average) (g) 

35.7 

35.0 

Rel COF 

1.020 

1.000 


The sample was applied to the disc surface then the coating was wiped with 
an isopropanol-wetted towel and air dried to result in a very thin, smooth coating. 


Example 12-13: 

15 These examples demonstrated that behenic acid, a dry solid lubricant 

possesses a mild steel-on-stainless steel and glass-on-stainless steel lubricities which 
are comparable to a second conunercially available aqueous based lube. 



EXAMPLE 12 

EXAMPLE 13 

Mild steel-on stainless steel lubricity 

Glass-on stainless steel lubricity 

Behenic acid 

Reference 2 

Behenic acid 

Reference 2 

Drag force 
(average) (g) 

30.0 

28.0 

28.0 

28.0 

Rel COF 

1.071 

1.000 

1.000 

1.000 


A solution of 0.1% % behenic acid in ethanol was applied to the stainless 
steel rotating disc. A thin dry film was formed after the solvent evaporation. 
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Fvam ple 14: 

- Thisexa^pledemonstratedthattheSuperiubeoilwithPTFEpossesse^^^ 
^Id steel-on-stainless steellubricity that isbettert^ 
aqueous based lube. The rotating disk was stainless steel. 



15 


FvatTi ple 15-16; 

These examples demonstrated .ha. mixwre of oleic acid and Ki^ox 
GPLIOO possesses mild steeMn-stainless s«el and PET^on-siainless steel 
lubricities, which a«be«er.hand>ccommercially available aqueousbased lube. 

The raiio of oleic acid .0 Kr^ GPLIOO is abou. 1 :1 by weigh.. The .otatrng d.sk 

was stainless steel. 


20 


Drag force 
(avcrap) (g) 
RelCOF 


EXAMPl 
Mild stcel-on stainle 
Oleic acid/Krytox 
GPLIOO (1:1) _ 

F 15 

51?; steel lubricity 
Reference 1 

EXAMPLl 
PET-on stainless s 
Oleic acid/Krytox 
GPLIOO (1:1) 

£16 

teel lubricity 
Reference 1 

17,1 

0.507 

33.7 
1.000 

21.4 
0.599 

35.7 
1.000 


FvatTi ple 16-17: 

These examples dcmonsttate .ha. .he mineral oil. Bacchus 68 and ilsmixnue 
wift an an.imicrobial agen.. IRGASAN™ DP300 (2.4.4'-«ichloro-2'-hydroxy. 
dipheny|.emer. obmined from Ciba Specialty Chemicals) possess a supenor PET 

Stress cracking resistance. 
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PET bottle stress cracking test: 

3L0g of sodium bicarbonate and 31.0g of citric acid were added to a 2-liter 
PET bottle (manufactured by Plastipak) containing 1850g of chilled water and the 
bottle was capped immediately. The charged bottle was then rinsed with DI water 
and set on clear paper towel overnight. 

Two testing liquids were prepared. Bacchus 68 was used as such as supplied. 
Bacchus 68 + 0.2% Irgasan DP300 was made by dissolvihg 1 .Og of Irgasan DP300 in 
500g of Bacchus 68 to result in a clear solution. 

The base of the charged bottle was dipped into the testing liquid for 2-3 
seconds then the bottle was placed in a plastic bag. The bottle with the bag was set 
in a bin and aged at 37.8°C and 90% humidity for 15 days. Four bottles were used 
for each testing liquid. The bottle was examined several times during the aging for 
bursting. 

After the aging, the base of the bottle was cut off and examined for crazing 
and cracking. The results are listed in the table below. 


The grading is based on a scale of A-F as: 

A: No signs ofcrazing to infrequent small, shallow crazes. 

B: Frequent small, shallow to infrequent medium depth crazes which 

20 be felt with a fingernail. 

C: Frequent medium depth to infrequent deep crazes. 
D: Frequent deep crazes. 


Cracks, bottle burst before end of the 15 day testing. 



PFT STRFSS CRACKING GRADING 

EXAMPLE 17 

EXAMPLE 18 

Testing Liquid 

Bacchus 68 

Bacchus 68 + 0.2% 
Irgasan DP300 

Bottle 1 

B 

B 

Bottle 2 

B 

B 

Bottle 3 

B 

B 

Bottle 4 

B 

B 
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F.icam ple 19: 

This ««npl. danonstrates that th» min«al oil. Bacchus 68 possesses a 
higher PET stress cracking resistance in contrast to the aqueous based beverage 

conveyor is lubHcant. Lubodhve RX at a possible us. dosage for conveyor 

5 lubrication. , n ,« 

The experimental procedure >vas the same as described m example 17-18 
except that the testing liquid for I.brodriveRXwas0.75o/obyweightinDI water. 

Thechargedbottle wasph^ced in theplasticbag that contained lOOgofthe diluted 
LubodriveRX. Also the experimental wascarried out in theenviromnental oven at 
37 8»C and 90% humidity for 13 days instead of 15 days. 

The results showed that Bacchus 68 caused less stress cracking than the 

LubodriveRX at 0.75%. 


10 


15 


20 
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Fvam ple 20-21: 

Example 20 d^nonstrates that the nuneral oil, Bacchus 68. did no. support 
,he microbUl growth, but killed the microbial in contrast to the conunerctally 
.variable beverage lube. Dicolube™ PL. manufacnrred b, Diversey-Uver. Example 
21 demonstrates tha. v^th the addition of the anUmicrobial. methyl Paraben. to the 
mineral oil, the killing efficiency for the short time exposure was enhanced. 

The Rate of Kill Antimicrobial Efficiency Test was carried out acconhng to 

the method described below: 

Tbe bacteria, staphylococcus aureus ATCC6538 and enterobacer aerogenes 
ATCC 13048. weretransferredandmaintainedonnutrientagarslants. Twenty-four 

hours priorto testing. lOmls of m.trientbroth was inoculated with a loop&l of each 
organism, one tube each organism. The inoculated nutrient broth cultures were 

incubated a, V'C. Shortly before testing, equal volumes of both incubau=d cultures 
were mixed and used as the test inoculum. 

For Dicolube PL, the lube was diluted to 0.5% wt with soft wat«. One ml of 
tt,e inoeulant was combined wifl. 99 mis of the lubricant solution and swirled. For 
oil-based lube, equal volumes of organisms were centrifuged at 9000 rpm 20-C for 
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10 minutes, then decanted and re-suspended in an equivalent volume of the mineral 
oil. 

A one ml sample of the lubricant/inoculum mixture was removed after 5 

minute exposure time and added to 9 mis of a sterile D/E neutralizing broth. The 

5 neutralized sample was serially diluted with buffered water and plated in dupUcate 
using D/E neutralizing agar. The procedure was repeated after 15 and 60 minutes 
exposure times. The plates were incubated at 37»C for 48 hours then examined. 

Controls to determined initial inoculum were prepared by adding one ml of 
inoculum to 9% mis of buffered water, serially diluting the mixture with additional 

10 buffered water, and plating with TGE. 


15 


The % reduction and log reduction were calculated as: 

o/o Reduction = [(# of initial inoculum - # of survivors)/(#of initial inoculum)] x 100 
where: # of initial inoculum = 3.4 x 106 CFU/ml 


CFU/ml: Colony forming units/ml 

Log Reduction = [logto (initial inoculum CFU/ml)] - [log.o (survivors inoculum 
20 CFU/ml)] 
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The table showed the results of Rate of Kill Test: 

EXAMPLE 21 


COMPARISON EXAMPLE 


15 



^I^^Pa^ben: methyl Ihydroxybenzoate: obtained 5 Chemicals uo. 
** NR: No reduction 

Fvam ples 22-23: 

These examples demonstrate that behenic acid, a dry soUd lubricant, in 
combination with a liquid lubricant provides a mild steel-on-stainless steel and 
glass-on stainless steel lubricities which are better than or comparable to the second 
commercially available aqueous based lube. 




EXAMPLE 23 


EXAMPLE 22 
Mild steel-on stainless steel 

Glass-on stainless steel lubricity 


h 

ibricity 




Behenic 1 
acid, then 

Reference 2 

Behenic acid, 
then+HiO 

Reference 2 

Drag force 
(average) (fi) 
Rel COF 

26.0 
0.929 

28.0 
1.000 

25.0 
0.893 

28.0 
LOOO 


A solution of 0.1% behenic acid in ethanol was appUed to the stainless steel 
disc, a thin dry fihn was fomied after the solvent evaporation. H2O was then appUed 
to the surface of the dry fihn coated disc for the lubricity measurement. 


The following table describes materials used in the above examples. 
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LUBRICANT 
MATERIALTRADE- 
NAME 

MATERIAL 
INFORMATION 

VENDOR 

Daccnus 
SF96-5 

United States 
Phannacopeia grade 

mineral oil 
Polydimethylsiloxane 

Vulcan Oil & 
Chemical Products 

GE silicones 

KrytoxGPL 100 
KiytoxGPL200 

Perfluoropolyether 
Perfluoropolyether mixed 

with FIFE 
(Polytetrafluoroethylene) 

DuPont 
DuPont 

KiytoxDF 50 

^uper lube oil with PTFE 
Oleic acid 
Com oil 

Polytetiafluoroethylene in 

HCFC-14b 
Synthetic oil with P iMi 
Oleic acid 
Com oil 

DuPont 

Synco Chemical 
Henkel 


Examples 24-28 

' ' These examples use an oil in an aqueous emulsion and a glycerine 

5 cracking inhibitor and an optional surfactant. 


Example 24 


10 


Raw Material 

% Weight 

Glycerine (99.5% active^ 

72.7 

Allcvl Poly Glvceride 

2 

Dow Coming HV495 Silicone Emulsion 

2 

r»T Wntw 

23.3 

Example 25 

Raw Material 

% Weight 

Glvcerine (96% active) 

75.7 

Alkyl Poly Glvceride 

2 

Lambert E-2175 Silicone Emulsion 

2 

DI Water 

20.3 
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Example 26 


15 


Raw Material 

% Weight 

Glycerine (96% active) 

77.24 

DI Water 

20.71 

Lambert E-2175 Silicone Emulsion 

2.05 
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Example 27 


Raw Material 

% Weight 

Glvcerine (96% active) 

77.95 

DI Water 

20.1 

MiTi'-i^i Oil 'White Oil) 

4.95 

Example 28 

Raw Material 

% Weight 

Glycerin (96% active) 

77.24 

DI Water 

20.71 

Mineral Seal Oil (White Oil) 

2.05 


The product of example 25 was tested for COF. Figure 5 is a graphical 
representation of the friction data arising from the testing done with the Lubricant of 


Lube 
(Ex. 25) 
Applied 

COF 

Lube ^plied 

Lub per unit area 

g 

unitless parameter 

G 

gsqln 

4 

0.0846 

4 

0.002564 

5 

0.0717 

5 

0.003205 

7 

0.066 

7 

0.004487 

10 

0.0554 

10 

0.006410 

15 

0.0584 

15 

0.009615 

20 

0.0621 

20 

0.012821 


Coefficient of friction (COF) measured on a short track conveyor system: 
The determination of lubricity of the lubricant was measured on a short track 
conveyor system. The conveyor was equipped with two belts from Rexnord. The 
belt was Rexnord LF (polyacetal) thermoplastic belt of 3.25" width and 20 ft long. 
The lubricant was applied to the conveyor surfece evenly with a bottle wash brush. 
The conveyor system was run at a speed of 100 fl/min. Six 2L bottles filled with 
beverage were stacked in a rack on the track with a total weight of 16.15 kg. The 
rack was connected to a strain gauge by a wire. As the belts moved, force was 
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exerted on the Strain gauge by the pulling action ofthe rack on the wire. A computer 

recorded the pull strength. The coefficient of friction (COF) was calculated on the 
- basis ofthe iheasured force and the mass ofthe bottles and it was averaged from the 

beginning to the end ofthe run. The results ofthe testing of example 25 are shown 

5 in a graphical form in Fig. 5. 

The lubricant compositions can if desired be evaluated using a Short Track 

Conveyor Test and a PET Stress Crack Test. 

Short Track Conveyor Test 
A conveyor system employing a motor-driven 83mm wide by 6.1 meter long 
10 REXNORD™ LF polyacetal thermoplastic conveyor belt is operated at a belt speed 
of 30^48 meters/minute. Six 2.1iter filled PET beverage bottles are stacked in an 
open- bottomed rack and allowed to rest on the moving belt. TTie total weight of the 

rack and bottles is 1 6. 1 5 Kg. The rack is held in position on the belt by a wire 
affixed to a stationary strain gauge. The force exerted on the strain gauge during belt 
15 operation is recorded using a computer. A thin, even coat ofthe lubricant 

composition is appUed to the surface ofthe belt using an applicator made from a 
conventional bottle wash brush. The belt is allowed to run for 15 minutes during 
which time a consistently low COF is observed. The COF is calculated on the basis 
ofthe measured force and the mass ofthe bottles, averaged over the ran duration. 
20 Next, 60 ml of warm water is sprayed over a 30 second period onto the conveyor 

surface, just upstream from the rack (under the wire). Application ofthe lubricant is 
continued for another 5 minutes, and the average COF foUov^g the water spray and 
the resulting change in average COF are noted. 

PET Stress Crack Test 

25 Standard 2-liter PET beverage bottles (commercially available from Constar 

International) are charged with 1850g of chilled water, 31.0g of sodium bicarbonate 
and 3 1 .Og of citric acid. The charged bottle is capped, rinsed with deionized water 
and set on clean paper towels overnight. The bottoms of 6 bottles are dipped in a 
200g sample ofthe undiluted lube in a 125 X 65 mm crystal dish, then placed in a 
30 bin and stored in an environmental chamber at 31. C, 90% relative humidity for 14 
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days mbottlesareremovedftomthechamber.observedforcrazes,creasesand 
crack patterns on thebottom. The aged bottles are compared withecontrolbottles 

- fhat were exposed to a comparison lubricant composition placed in the crystal dish, 
or exposed to a standard dilute aqueous lubricant (LUBODRIVE™ RX. 
5 commercially available from Ecolab) prepared as foUov^s. A 1.7 solution of 
the LUBODRIVE lubricant (in water containing 43ppm alkalinity as CaCOj) was 
foamed for several minutes using a mixer. The foam was transferred to a lined bin 
and the conttol bottles were dipped in the foam. The bottles were then aged m the 
enviromnental chamber as outlined above. 


10 


15 


20 


T iihricitv tes t procedure: 
Lubricity test was done by measuring the drag foree (Motional foree) of a 
weighted cylinder riding on a rotating disc, wetted by the testing sample. The 
material for the cyUnder is chosen to coincide with the container materials, e.g.. 
glass PET. or aluminmn. Similarly the material for the rotating disc is the same as 
theconveyor.e.^., stainless steel or plastics. The drag foree, using an average value, 
is measured with a solid state transducer, which is comiected, to the cylinder by a 
thin flexible string. The weight of the cylinder made from the same matcnal is 
consistent for all the measurements. 

The relative coefficient of friction (Rel COF) was then calculated and used, 
where: Rel COF= COF(sample)/COF (reference) = drag foree (sample)/drag foree 
(reference). 

Example 29 

75 parts of a 96 wt.% glycerol solution. 20 parts deionized water, and 5 parts 
mineral seal oil (commereiaUy available from Calument Lubricant Co.) were 
combined with stirring. The resulting lubricant composition was unstable and 
quickly separated into two phases upon standing. When re-agitated and applied to a 
surface, the lubricant composition fomied a film that was sUppery to the touch, and 
30 most of the lubricant readily could be rinsed from the surface using a plain water 

wash. Using the Short Track Conveyor Test, about 20g of the lubricant composition 
was applied to the moving belt. The observed average COF was 0.066 before the 
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water spray began, and 0.081 after the spray began, for a 0.015 increase in average 

COF due to the water spray. 

In a comparison run. 74.3 parts of a 96 wt.% glycerol solution, 19.8 parts 
deionized water. 5 parts mineral seal oil (commercially available fix>m Calument 
Lubricant Co.) and 0.99 parts SHEREX VEROINC™ T205 emulsifier (commercially 
available from Akzo Nobel Chemicals) were combined with stirring. The resulting 
lubricant composition was a stable emulsion that remained as a single-phase mixture 
upon standing. Using the Short Track Conveyor Test, about 20g of the comparison 
lubricant composition was appUed to the moving belt. The observed average COF 
was 0.073 before the water spray began, and 0.102 after the spray began, for a 0.029 
increase in average COF due to the water spray. The COF for the comparison 
lubricant composition (which contained an emulsifier) increased ahnost twice as 
much in the presence of a water spray as the COF for the unstable lubricant 
composition of the invention. Thus the comparison lubricant composition was not 
as water-resistant as a lubricant composition of the invention. 

The lubricant composition of this Example 29 and the comparison lubricant 
composition were also evaluated using the PET Stress Crack Test. The bottles 
exposed to the lubricant composition of the invention exhibited frequent small, 
shallow crazing marks and infrequent medium depth crazing marks. The bottles 
exposed to the comparison lubricant composition exhibited frequent medium depth 
crazing marks. Thus the bottoms of bottles lubricated with a lubricant composition 
of the invention had a better visual appearance after aging. No bottles leaked or 
buKt for the lubricant composition of the invention. One of the bottles exposed to 
the comparison lubricant composition burst on day 9. This invention shows that a 
lubricant composition of the invention provided better burst and stress crack 
resistance than the comparison lubricant composition. 

M a fiirther comparison Short Track Conveyor test performed using a dilute 
aqueous solution of a standard conveyor lubricant (LUBODRIVE™ RX, 
commercially available from Ecolab. appUed using a 0.5% dilution in water and 
about an 8 Uter/hour spray application rate), the observed COF was 0.126, thus 
indicating that the lubricant composition of the invention provided reduced sliding 
friction compared to a standard dilute aqueous lubricant. 
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Example 30 

Using the method of Example 29, 95 parts of a 96 wt.% glycerol solution and 
- 5 parts mineral seal oil were combined with stirring. The resulting lubricant 
composition was unstable and quickly separated into two phases upon standing. 
5 When re-agitated and applied to a surface, the lubricant composition formed a fihn 
that was slippery to the touch, and most of the lubricant readily could be rinsed from 
the surface using a plain water wash. Using the Short Track Conveyor Test, about 
20g of the lubricant composition was applied to the moving belt. The observed 
average COF was 0.061 before the water spray began, and 0.074 after the spray 
10 began, for a 0.013 change in average COF. 

Example 31 

• Using the method of Example 29. 75 parts of a 96 wt.% glycerol solution, 20 

parts deionized water and 5 parts mineral oil (ARIADNE™ 22, commercially 
available from Vulcan Oil and Chemical Products) were combined with stirring until 

1 5 a uniform mixture was obtained. The resulting lubricant composition was unstable 
and quickly separated into two phases upon standing. When re-agitated and applied 
to a surface, the lubricant composition formed a fihn that was sUppery to the touch, 
and most of the lubricant readily could be rinsed from the surface using a plain water 
wash. Using the Short Track Conveyor Test, about 20g of the lubricant composition 

20 was appUed to the moving belt. The observed average COF was 0.072 before the 
water spray began, and 0.083 after the spray began, for a 0.01 1 change in average 
COF. The lubricant composition of this Example 31 was also evaluated using the 
PET Stress Crack Test. Following aging, the bottles exhibited frequent small, 
shallow crazing marks and infrequent medium depth crazing marks. None of the 

25 bottles leaked or burst. 

Example 32 

Using the method of Example 29. 77.24 parts of a 96 wt.% glycerol solution, 
20.71 parts deionized water and 2.05 parts mineral seal oil were combined with 
stirring until a uniform mixture was obtained. The resulting lubricant composition 
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was unstable and quickly separated into two phases upon standing. When re- 
agitated and applied to a surface, the lubricant composition formed a fihn that was 
' slippery to the touch, and most of the lubricant readily could be rinsed from the 
surface using a plain water wash. 


5 Example 33 

77.2 parts of a 96 wt.% glycerol solution, 20.7 parts deionized water, and 2.1 
parts E2175 high viscosity polydimethylsiloxane (60% siloxane emulsion 
commercially available from Lambent Technologies, Inc.) were combined with 
stirring until a uniform mixture was obtained. The resulting lubricant composition 

10 was slippery to the touch and readily could be rinsed from surfaces using a plain 
water wash. Using the Short Track Conveyor Test, about 20g of the lubricant 
composition was applied to the moving belt over a 90 minute period. The observed 
COF was 0.062. In a comparison Short Track Conveyor test perforaied using a 
dilute aqueous solution of a standard conveyor lubricant (LUBODRIVE^ RX, 

1 5 commercially available from Ecolab, applied using a 0.5% dilution in water and 
about an 8 liter/hour spray application rate), the observed COF was 0.126, thus 
indicating that the lubricant composition of the invention provided reduced sliding 
friction. 

The lubricant composition of Example 29 was also evaluated using the PET 
20 Stress Crack Test. The atged bottles exhibited infrequent small, shallow crazing 

marks. For the comparison dilute aqueous lubricant, frequent medium depth crazing 
marks and infrequent deeper crazing marks were observed. No bottles leaked or 
burst for either lubricant, but the bottoms of bottles lubricated with a lubricant 
composition of the invention had a better visual appearance after aging. 

25 Example 34 

Using the method of Example 29, 77.2 parts of a 96 wt.% glycerol solution, 
20.7 parts deionized water, and 2.1 parts HV490 high molecular weight hydroxy- 
temiinated dimethyl silicone (anionic 30 - 60% siloxane emulsion commercially 
available from Dow Coming Corporation) were combined with stirring until a 

30 uniform mixture was obtained. The resulting lubricant composition was slippery to 
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. ^ A TKi» nh<;erved COF was 0.058. 
- to the moving belt over a 15 minute penod. The observed 

Rxam ple 35 

UsinS *e ™=*od of Exan,p>e 29. 75.7 parts of a 96 w.,% g.ye«ol solution. 
,0 3 parts ..ionized water. 2.0 parts HV490 high molecular weigh, hydroxy- 
. JLed dimett,yl silicone (anionic 30 - 60% siloxan. emulsion conunerc,al^ 
r,ahle^n.I>owCorningCo.por3«on,and2.0par.GLUCOPON™22a., 

;,y,.ycosidesur^«(con»nerci.ny.vaiUhle.^Henl..Co,»^^^ 
LILedwi.hs.irringun.ilauni«™nUx»rewasobUined. mresuln^^^ 

. was sUDOery to the touch and readily could be nnsed torn 
lubricant composition was slippery to ui .hnutZOe 
surfacesusingaplainwaterwash. Using the Short Track Conveyor Test, about 20g 
surfaces usmg p tn the moving belt over a 15 mmute period, 

of the lubricant composition was applied to the movmg 

The observed COF was 0.071 . 


10 


15 


20 


25 


Fvam ple 36 

1 77 7 narts of a 99.5 wt.% glycerol solution. 
Using the method of Example 29, 72.7 parts ot a b 

. . . o «ort«: HV495 silicone emulsion (commercially 
23 3 parts deiomzed water, 2 parts 

! ble^mDowCcnungCo,pora.ion)and2pa«saUJCOPON~220^ 
"lcsiacsurfac.ant(commerciallyavailable^mHe„l.elCorpo^^^ 

col edwiths.irringuntilaunifonnn.xn.ewasob.ained. 

Leant composition was slipp«y to the touch a.«i readily could be rmsed from 

I'lus^gaplainwaterwash. However, the presence ofthe surfactant caused 
^increaseinstresscrackinginthePETStressCrackTest 

TWO comme^ially avaihble atiueous-based lubricants for beverage 
conveyors were used as reference at recommended - ^^^^ ^ ' 
=. LmODRIVE RX and reference 2- U«-Klenz U-. both are manufictured by 


r^etcOF lower than 1 indicates a better lubricant titan the refero^e. Agood 
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lubricant would have a typical Rel COF of less than 1 .2. while a value greater than 
1.4 would indicate a poor lubricant. The lubricity results of some non-aqueous 
- based lubricants were tested and are shown below. The lubricity measurement was 
carried out with the method described above. All the tests were using 100% of the 
5 stated materials or as indicated. The materials were either added or wiped onto the 
disc surface to result in a continuous fihn. The references were aqueous based 
lubricants and tested at 0.1% of cone, by weight in water for comparison. The test 
was run for several minutes until the force leveled off. The average drag force was 
recorded and the Rel COF was calculated based on the average drag forces of the 
1 0 testing sample and the reference. 
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Bvam ple 37-39 : 


Th«e exiles demom««d to oo™ oil. . ^ oil. possesses lubricities 
«cha..e«eHH»o.eo.p3^.c.o.co»n>erci..yav..3Wea,u»^b^^^^^^ 

T^e cylinder material was ™.d steel for Example 1. glass fcr Example 2. and PET 
for Example 3. The rouHngdisk was stainless steel fcr Example 1-3. 


EXAMPLE 37 


Mild steel-on 
stainless steel lubricity 


RXAMPLE 38 


Glass-on 
stainless steel 
lubricity 



PET-on 
stainless steel 
lubricity 


Pvam ple 40-42 : 


10 


-n.eseexamplesdemonstratedthatBacchus22,anuneraloil.posse^^^^^ 

,ubHcitieswMcharebe«.thantheconune.iaIlyavailable^^^^^^^ 

cylinder material wasmUd steel for Example4.glass for Examples. andPET for 

example 6. The rotating disk was stainless steel for Example 4-6. 


15 


Drag force 
(average) 


EXAMPLE 40_ 


Mild steel-on 
stainless steel lubricity 


Bacchus 
22 


Refer. 1 


10.2 


31.3 


EXAMPLE 41 


EXAMPLE 42 


Bacchus 
22 


Glass-on 
stainless steel 
lubricity 

Refer, 1 


22.4 



27.6 


PET-on 
stainless steel 
lubricity 

Refer. 1 


Bacchus 
22 
18.6 


31.1 


Pvam ple 43-44 : 


,0 •n.eseexamplesdemonstratedthat.he.wosyn.hedoi-bricantshaveamild 
ste..-on-s.ain.esss.eel.ubricity.ha.isbetter.hanorcompar.bleu,th.commercully 
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available aqueous based lube. The cylinder material was mild steel and the rotating 
disk was stainless steel. 



EXAMPLE 43 

EXAMPLE 44 


Kiytox GPL 100 

Kiytox GPL 
200 

Reference 1 

Drag force 
(average) (g) 

15.1 

34.3 

35.0 

Rel COF 

0.431 

0.980 

1.000 


Example 45 : 


10 


This example danonstrated that SF96-5, a synthetic siloxane lubricant, has a 
PET-on stainless steel lubricity that is better than the commercially available 
aqueous based lube. The cylinder material was PET and the rotating disk was 
stainless steel. 



SF96-5 

Reference 1 

Drag force (average) (g) 

27.6 

35.1 

Rel COF 

0.786 

1.000 


Example 46 : 


This example demonstrated that Kiytox DF50, a solid lubricant in a solvent, 
possesses a mild steel-on stainless steel-lubricity that is comparable to the 
commercially available aqueous based lube. The cylinder material was mild steel 
and the rotating disk was stainless steel. 



Kiytox DF50 

Reference 1 

Drag force (average) (g) 

5.7 

35.0 

Rel COF 

1.020 

1.000 
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The sample was applied to the disc surface then the coating was wiped with 
an isopiopanol-wetted towel and air dried to result in a very thin, smooth coating. 

F.vam ple 47-48 : 

These examples demonstrated that hehenic acid, a dry solid lubricant 
possesses a mild steel-on-stainless steel and glass-on-stainless steel lubricities which 



EXAMPLE 47 

EXAMPLE 48 

Mild steel-on stainless steel 
lubricity 

Glass-on stainless steel lubricity 

Behenic acid 

Reference 2 

Behenic acid 

Reference 2 

Drag force 

30.0 

28.0 

28.0 

28,0 

RelCOF 1071 

1.000 

1.000 

1.000 


10 A solution of 0. 1% % behenic acid in ethanol was applied to the stainless 

steel rotating disc. A thin dry fihn was fonned after the solvent evaporation. 

Example 49 : 


15 


20 


This example demonstrated that the Super lube oil with PTFE possesses a 
mild steel-on-stainless steel lubricity that is better than the commercially available 
aqueous based lube. The rotating disk was stainless steel. 



Super lube oil 
with PTFE 

Reference 1 

Drag force (average) (g) 

27.9 

33.2 

Rel COF 

0.840 

1,000 


F.xam ple 50-51 : 

These examples demonstrated that the mixture of oleic acid and Krytox GPL 
100 possesses mild steel-on-stainless steel and PET-on-stainless steel lubricities. 
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which are better than the commercially available aqueous based lube. The ratio of 
oleic acid to Kiytox GPL 100 is about 1:1 by weight. The rotating disk was stainless 
" steel. 



EXAMPLE 50 

EXAMPLE 51 

Mild steel-on stainless steel 
lubricity 

PET-c 
stainless stee 

)n 

lubricity 

Oleic acid / 
Krytox 
GPLIOO 
(1:1) 

Reference 1 

Oleic acid / 
Kiytox 
GPLIOO 
(1:1) 

Reference 
1 

Drag force 
(average) (g) 

17.1 

33.7 

21.4 

35.7 

Rel COF 

0.507 

1.000 

0.5999 

1.000 


Example 52-53 : 


These examples demonstrate that the mineral oil, Bacchus 68 and its mixture 
with an antimicrobial agent, Irgasan DP300 (2,4,4'-trichloro-2'-hydroxy-diphenyl- 
ether, obtained from Ciba Specialty Chemicals) possess a superior PET stress 
cracking resistance. 

PET bottle stress cracking test: 

3 l.Og of sodium bicarbonate and 31.0g of citric acid were added to a 2-liter 
PET bottle (manufactured by Plastipak) contaming 1850g of chilled water and the 
bottle was capped immediately. The charged bottle was then rinsed with DI water 
and set on clear paper towel overnight. 

Two testing liquids were prepared. Bacchus 68 was used as such as supplied, 
Bacchus 68 + 0.2% Irgasan DP300 was made by dissolving 1 .Og of Irgasan DP300 in 
500g of Bacchus 68 to result in a clear solution. 

The base of the charged bottle was dipped into the testing liquid for 2-3 
seconds then the bottle was placed in a plastic bag. The bottle with the bag was set 
in a bin and aged at 37.8°C and 90% humidity for 1 5 days. Four bottles were used 
for each testing liquid. The bottle was examined several times during the aging for 
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bursting. 

After the aging, the base of the bottle was cut off and examined for crazing 

and cracking. The results are listed in the table below. 
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The grading is based on a scale of A-F as: 
A: No signs of crazing to infrequent small, shallow crazes. 
- B: Frequent small, shallow to infrequent medium depth crazes which can be felt 
with a fingernail. 
5 C : Frequent medium depth to infrequent deep crazes. 
D: Frequent deep crazes. 

F: Cracks, bottle burst before end of the 1 5 day testing. 



PET STRESS CRACKING GRADpiG 

EXAMPLE 52 

EXAMPLE 53 

Testing Liquid 

Bacchus 68 

Bacchus 68 + 0.2% 
Irgasan DP300 

Bottle 1 

B 

B 

Bottle 2 

B 

B 

Bottle 3 

B 

B 

Bottle 4 

B 

B 


10 


Example 54 : 


15 


20 


This example demonstrates that the mineral oil, Bacchus 68 possesses a 
higher PET stress cracking resistance in contrast to the aqueous based beverage 
conveyor lubricant, Lubodrive RX at a possible use dosage for conveyor lubrication. 

The experimental procedure was the same as described in example 52-53 
except that the testing liquid for Lubrodrive RX was 0.75% by weight in DI water. 
The charged bottle was placed in the plastic bag that contained lOOg of the diluted 
Lubodrive RX. Also the experimental was carried out in the environmental oven at 
37.8°C and 90% humidity for 13 days instead of 15 days. 


The results showed that Bacchus 68 caused less stress cracking than the 
Lubodrive RX at 0.75%. 


62 


PCTAJSOO/22190 
WO 01/12759 

Rxam ple 55-56 : 

Example 55 demonstrates that the mineral oil. Bacchus 68, did not support 
the microbial growth, but killed the microbial in contrast to the commercially 
5 available beverage lube. Dicolube PL. manufactured by Diversey-I^ver. Example 
56 demonstrates that with the addition of the antimicrobial, methyl Paraben. to the 
mineral oil. the killing efficiency for the short time exposure was enhanced. 

The Rate of Kill Antimicrobial Efficiency Test was carried out according to 
1 0 the method described below: 

The bacteria, staphylococcus aureus ATCC6538 and enterobacter aerogenes 
• ATCC 13048, weretransferredandmaintainedonnutrientagarslants. Twenty-four 

hours prior to testing. lOmls of nutrient broth was inoculated with a loopful of each 
15 organism, one tube each organism. The inoculated nutrient broth cultures were 

incubated at 37oC. Shortly before testing, equal volumes of both incubated cultures 
were mixed and used as the test inoculum. 

For Dicolube PL, the lube was diluted to 0.5% wt with soft water. One ml of 
20 the inoculant was combined with 99 mis of the lubricant solution and swirled. For 
oil-based lube, equal volumes of organisms were centrifuged at 9000 rpm 20°C for 
10 minutes, then decanted and re-suspended in an equivalent volume of the mineral 
oil. 


25 


30 


A one ml sample of the lubricant/inoculum mixture was removed after 5 
minute exposure time and added to 9 mis of a sterile D/E neutralizing broth. The 
neutralized sample was serially diluted with buffered water and plated in dupUcate 
using D/E neutralizing agar. The procedure was repeated after 15 and 60 minutes 
exposure times. The plates were incubated at ZTC for 48 hours then examined. 

Controls to determined initial inoculum were prepared by adding one ml of 
inoculum to 9% mis of buffered water, serially diluting the mixture with additional 
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buffered water, and plating with TGE. 

' The % reduction and log reduction were calculated as: 

5 % Reduction = [(# of initial inoculum - # of survivors)/(#of initial inoculum)] x 100 
where: # of initial inoculum = 3.4 x 10* CFU/ml 

CFU/ml: Colony forming units/ml 

10 Log Reduction = [log.o (initial inoculum CFU/ml)] - [loglO (survivors inoculum 
CFU/ml)] 


\ 
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Test 
Cone. 


Exposur 
e 

time 


5 nun. 


PCTAJSOO/22190 
The table showed the results of Rate of Kill Test: 


60inia 


EXAMPLE 55 
Bacchus 68 


EXAMPLE 56 


100% 


No. of 
survivors 
CFU/ml 


2.4 X 10 


2.8 X 10 


Reduction 


Log 


L15 


92.041 


Bacchus 68 w 
0.05% 
tnefliyl Paraben* 
100% 


No. of 
survivors 
CFU/ml 


8.6x10^ 



Reduction 


COMPARISON 
EXAMPLE 


0.5%inDI water 


Log 


1.60 


97.470 


No, of 
survivors 
CFU/ml 


3.5 X lO** 


Reduction 


Log 


NR* 


% 


NR 


Methyl Paraben: methyl 4.hydroxybenzoate, obtained tK)m AVOCADO 


Research Chemicals Ltd. 

**NR: No reduction 


Fvam ples 57-58 : 


These examples demonstrate that behenic acid, a dry solid lubricant, in 
combination with a Uquid lubricant provides a mild steel-on-stainless steel and 
10 glass-on-stainlesssteellubricitieswhicharebetterthanorcomparabletothesecond 

commercially available aqueous based lube. 
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EXAMPLE 57 

EXAMPLE 58 

Mild steel-on stainless steel 
lubricity 

Glass-on-stainless steel 
lubricity 

Behenic acid, 
then H2O 

Reference 2 

Behenic acid, 
then +H2O 

Reference 2 

Drag force 
(average) (g) 

26.0 

28.0 

25.0 

28.0 

Rel COF 

0.929 

1.000 

0.893 

1.000 


A solution of 0.1% % behenic acid in ethanol was applied to the stainless 
steel disc, a thin dry film was fonned after the solvent evaporation. H2O was then 
5 applied to the surface of the dry film coated disc for the lubricity measurement. 


The following table describes materials used in the above examples. 


LUBRICANT 
MATERIAI7TRADE 
NAME 

MATERL\L INFORMATION 

VENDOR 

Bacchus 22 

United States Pharmacopeia 
grade mineral oil 

Vulcan Oil & 
Chemical 
Products 

SF96-5 

Polydimethylsiloxane 

GE silicones 

Krytox GPL 100 

Perfluoropolyether 

DuPont 

Krytox GPL 200 

Perfluoropolyether mixed with 
PTFE 

(Polytetrafluoroethylene) 

DuPont 

Krytox DF50 

Polytetrafluoroethylene in 
HCFC-14b 

DuPont 

Super lube oil with PTFE 

Synthetic oil with PTFE 

Synco Chemical 

Oleic acid 

Oleic acid 

Henkel 

Com oil 

Com oil 
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The above specification, examples and data provide a complete description 
of the manufacture and use of the composition of the invention. Since many 
embodiments of the invention can be made without departing from the spirit and 
scope of the invention, the invention resides in the claims hereinafter appended. 
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